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Reliable Direct Sources the World Over 


FOR 


VEGETABLE TANNING MATERIALS 


QUEBRACHO 
WATTLE EXTRACT 
WATTLE BARK 
MANGROVE BARK 
MYRABOLAMS & EXTRACT 
VALONEA & EXTRACT 
DIVI Divi 
CUTCH 
SUMAC—LEAF & GROUND 
TARA—PODS & POWDER 
OAKWOOD EXTRACT, Swedish 
LARCHBARK EXTRACT, Swedish 


v 


U. S. of A. Sales Agents for “’N.C.S.” Brand South African Wattle Extract 
U. S. of A. Sales Agents for “SENS” Brand Powdered Valonea Extract 


The Olson Sales Agency 
Sport + Export 
369 Lexington Avenue, New York 17, N. Y. 


Coble Address: Telephones: 
0226 


“COROSAGE” DIGBY 4- 9597 





I 
When you specify GARGOYLE 
you can be sure of... 


Service 
with a 
capi 


Skilled technicians are at your call — 
men who are specialists in leather oils 
and greases, with a lifetime of experi- 
ence working with tanners. 


Scientists, service laboratories 
A staff of chemists and the facilities of 
our laboratories are at your service. 


Specially designed tanning products 
There’s a complete line of Gargoyle 
leather products . . . Solenes and Sole 
Waterproofing compounds. . . Sulfolines 
and Curriers Greases . . . other leather 
oils and specialties. All are specially 
designed to help make good leather. 


Grorgoyle Leather Oils & Greases 


SOCONY-VACUUM OIL COMPANY, INC., TANNERS DIVISION, 26 BROADWAY, NEW YORK 4, N. Y. 





SPRUCE EXTRACT 


POWDERED SUPER SPRUCE 


LACTANX 


Robeson Process Company 


venue, N 





MECO EXTRACT 


ONE GRADE—THE BEST 


CHESTNUT WOOD EXTRACT 
All Concentrations, Liquid to Dry Powder 


Teas Extract Co. 
6400 Centennial Boulevard 


TENNESSEE PLANT 
Nashville, Tenn. 
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The Rohm & Haas technical representa- 
tive is a specialist of many years’ standing 
in leather-making. Backing him up—and 
increasing his helpfulness to you—is the 
work of Rohm & Haas scientists in the 
leather chemicals laboratories and other 
research divisions of the company. 


Up to the present time, Rohm & Haas 
technical men have accumulated centuries 
of experience in leather manufacturing. 
Their continuing work has led to the devel- 
opment of many chemicals which are now 
standard in the industry. 


Whatever your leather problems may be, 
talk them over with your Rohm & Haas 
representative. The chances are good he 
will be able to help you improve your 
processes as well as the quality of your 
finished leather. 


SOME OUTSTANDING ROHM & HAAS 
LEATHER CHEMICALS ARE: 


OROPON—the pioneer enzyme bate, standard 
of the leather industry. 


TAMOL—the dye assist that made pastel colors 
practical. 


LEUKANOL—synthetic tan assist responsible for 
popular acceptance of white leather. 


OROTAN—synthetic tanning material providing in 
itself a complete replacement for natural tannins. 


PRIMAL—Ieather finishing materials in the form of 
aqueous dispersions of acrylic resins. 


CHEMICALS 


ROHM & HAAS 
COM PANY 


WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
Representatives in principal foreign countries 


Oropon, TAMOL, LEUKANOL, OROTAN and PRIMAL are trade- 
marks, Reg. U.S. Pat. Off. and in principal foreign countries. 
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Pasting white leather on glass at Fred Rueping Leather Company, Fond du Lac, Wisconsin. 


| How TANAK® MRX lets you stretch leather — 
| and still keep it plump! 


Pasting wet leather on glass or porcelain plates 
to dry will give a tanner more footage—but the 
leather tends to be flat. The addition of TANAK 
MRX to his white formula allows the tanner to 
increase his footage yield, tighten the break and 
still maintain plumpness. 

Working with Cyanamid’s Technical Staff, 
many tanners have found they can up-grade their 
colored leathers, too, decreasing flankiness and 


To make 
leather better 
through 
chemistry... 


Cyanamid recently opened 
a completely modern ap- 
plication laboratory at 
Chicago. Perhaps our re- 
search program should in- 
clude your tanning prob- 
lem. Drop us a line. 


tightening break without a reduction in weight 
by adding or substituting MRX in their re-tan 
formulations. 

Such results have led to wide acceptance of 
TANAK MRX in the production of white, colored 
and natural back leathers. 

With chemicals for virtually every tanning 
process, and a modern application laboratory, 
Cyanamid can give you complete service. 


AMERICAN Granamid COMPANY 


LEATHER CHEMICALS DEPARTMENT 


30 Rockefeller Plaza, New York 20, N. Y. 


in Canada: North Americar Cvanarid | imited, Toronto and Montreal 





VEGET ABLE If you are interested in 


@ quality and customer sat- 
isfaction, you should in- 
TANNERS ° vestigate ARKOTAN B. 


ARKOTAN B is a syntan that assists in the production 
of a smoother grain, improved tensile strength, fuller 
and rounder feel and a clear, even color. 


ARKOTAN B assists in the solubility of your extracts, 
permitting greater penetration and better take-up and 
reduces the sludge in the bath when solid Quebracho 
is used. 


ARKOTAN B when used in the color pit, wheel or tail 
liquors improves the appearance of the grain and 
maintains the correct acidity in the tail liquor without 
the addition of acid at this point. 


ARKOTAN B is used extensively in the re-tan wheels 
to produce added weight. Excellent for use on chrome 
re-tan upper leather where a tight break and solid feel 
is required. 

Samples or demonstration of ARKOTAN 6B are avail- 
able upon request. 


ARKANSAS COMPANY, Inc. 
Newark, N. J. 


Manufacturers of Industrial Chemicals 
for over 50 years 





SYNEKTAN 0-230 


A liquid synthetic tannage that equals the qualities 
of vegetable extracts. Replaces Sumac. Used as a 
retan on chrome stock. 


SYNEKTAN NPP 


For high grade whites and pastel colors; produces 
full plump leather. 


SYNEKTAN NCRP 


Specialty syntan, used in combination with chrome 
tannage or in the dye bath for better grain. 


TANASOL NCO 


Syntan in beads, to use with extracts in the tann- 
ing and retanning operations. 


TANASOL PW 


Syntan in beads, to use with NCO for bleaching 
chrome stock and in retanning chrome stock. In 
the dye bath for good level colors. 


FUNGIZYME BATES 


Pancreatic bating salts of standard, controlled 
quality. 


BATE A & AS For sheep skins and sole leather. 


BATE B & BS For furniture leather, side leather and 
calf skins. 


BATE C & CS For goat skins. 

SULPHONATED OILS (Various Bases) 

MONOPOLE OIL (For Finishing) 

EMULSIFIERS AND DETERGENTS (For Good Degreasing) 


pa 
ES WOLF. co, ‘ss 


PASSAIC, N.J. 


Plants in: Clifton, N.J., Carlstadt, N.J., Los Angeles, Calif. 





Leather’s in style 
with the ladies 


... thanks to chemicals 


Leather’s beauty has turned up stronger 
than ever in all kinds of clothes for women. 
Comfort and durability, too, have some- 
thing to do with the high regard for leather. 
When people want something that’s 
luxurious, has a certain sheen and feel, 
they will always turn to leather for qualities 
no synthetic can ever attain. DiaMoNnD 
Technical Service and Chemicals have a 
hand in this because they help tanners 
turn out leather of uniformity (Diamonp 
Chemicals are laboratory controlled), with 
lower tanning losses, and at a cost that is 
so little for all the important results. 

Quick delivery from eight warehouses. 
Nine convenient sales offices. Expert advice 
from your DIAMOND representative who 
is well trained in leather chemistry, and 
backed by Diamonp Technical experts. 


Mes, 
i 
DIAMOND CHEMICALS 
FOR THE LEATHER INDUSTRY ' 
DIAMOND ALKAL! COMPANY + CLEVELAND 14, OHIO CHEMICALS 
® 
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On any of-your coloring problems our Technical Laboratory will be glad to coop 


erate with you in selecting the correct dyestuffs and proper method of application 


435 HUDSON STREET: NEW YORK 14. NEW YORK 


OE Ww YORK: BOSTON CHARLOTTE CHAT TALNO OG A CH HECAG OC 
PHILADELPHIA PORTLANO ORE PROVIDENCE SAN FRANC!ISCO 
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QUEBRACHO EXTRACTS 


“SUPREMO” “LUNA” 
BRAND BRAND 
SOLID-ORDINARY COLD WATER SOLUBLE 


INTERNATIONAL PRODUCTS 
CORPORATION 


29 BROADWAY, NEW YORK 6, N. Y. 


The Only American Manufacturer of Quebracho 
In South America 


FACTORY AT PUERTO PINASCO, PARAGUAY 


a 


MANUFACTURERS: IMPORTERS: 
LIQUID MYRABOLAMS 
QUEBRACHO WATTLE BARK 

EXTRACTS DIVI-DIVI 


VALONIA 
FACTORY: ETC. 


Staten Island, N. Y. 


Representatives: 
Harvey J. Boutin & Son Yocum Faust, Limited 


San Francisco, Calif. London, Canada 


Gonzalez, Ramirez y Cia The R. J. Vogel Company 
Hevana, Cuba Mexico City, Mexico 





1. Is the supply of Mead Chestnut Ex- 
tract adequate? 


Decidedly yes. Recent surveys show that 
there is enough chestnut wood in our forests to 
serve the leather industry for many years to 
come. Huge chestnut stockpiles, such as the 
one shown above, are converted under chem- 
ical control at five extract plants, insuring a 
steady supply of Mead Chestnut Extract. 


2. Why is Mead Chestnut Extract pre- 
ferred over other tanning agents? 


Mead Chestnut Extract is a superior tanning 
material, made by America’s largest producer 
of vegetable tanning extracts. Repeated experi- 
ence has shown: 


A. Chestnut tanned leathers do not oxi- 
dize, darken on exposure to light, or develop 
an uneven color on aging, as do leathers tanned 
with many other materials, vegetable or 
synthetic. 


B. Since the tanning system demands 
acid, the use of chestnut, with its plumping 
acidity, saves you money. 


€. Mead Chestnut Extract eliminates up 
to 28% of leachhouse losses. 


THE MEAD CORPORATION 


Tannin Extract Division, Lynchburg, Virginia 


This is only a portion of the many stockpiles of chestnut 
logs that insure a continuous supply of Chestnut Extract. 


D. There are no hidden costs. When you 
use Mead Chestnut Extract, no time- and 
money-consuming preparation is required. 


Ask about Mead Cold Soluble Chest- 
nut Extract for retanned leathers. And—for 
more pounds of plumper leather—standardize 
on Mead Chestnut Extract. 


IT’S A FACT! 


Mead Chestnut Extract will produce more 
pounds of plump leather per unit of tannin 
than any other tanning material. 


Vegetable Tan Yard Vield 
Tannin (white weight basis) 
Chestnut Wood Extract 67% 
Tanning Material A 61% 
Tanning Material B 63% 


Calculate your tanning material costs on a 
leather basis as well as on a tan unit basis. 
Mead Chestnut Extract, producing four to 
six pounds more leather, means positive 
savings. 


cHe 20r 
TAthact 





EXTRACTS & RAW TANNING MATERIALS 


QUEBRACHO WATTLE 


solid: solid: 
CF del C CROWN REALTAN KENMOSA ELEPHANT 
liquid: 


liquid: 
SM & SMS 


WATEX 
powdered: powdered: 
PUREX & SMS 


WATTLE 
CHESTAUT 


spray powdered & solid 


MANGROVE & WATTLE BARK MYRABOLAMS 
VALONEA TARA SUMAC ODIVI DIVI 
POWDERED MANGROVE, 
MYRABOLAM & 

VALONEA EXTRACTS 


Importers and Processors 


THE RIVER PLATE CORPORATION 


CHRYSLER BLDG., NEW YORK 17, N. Y. Plant: NEWARK, N. J. 


Subsidiary: THE TANNIN CORPORATION of MASS. Office & Plant: Peabody, Mass 
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WATTLE 


IS THE RIGHT EXTRACT 
FOR UPHOLSTERY LEATHER 


SOME of the finest uphol- 
stery and bag leathers made 
in the world today are tanned 
in liquors containing up to 
70% or more of Wattle Bark 
Extract. 


By careful blending of this unique extract 
with other tannins, especially pyrogallol ma- 


terials such as Myrabolams, a balanced blend 
is produced that is speedy and yet gives all the 
characteristics to the finished product usually 
associated with leather formerly produced by 
the old bark tannages. 


If you are interested in the 
production of upholstery, bag 
case or dressing leather of any 
kind, try Wattle in your liq- 
uors and see the improvement 
in the resulting leather. 


WATTLE MAKES GOOD LEATHER 


SOUTH AFRICAN WATTLE EXTRACT MFRS. ASSO. 
Pietermaritzburg, Natal, Union of South Africa 


KENYA WATTLE MANUFACTURERS ASSOCIATION 
Nairobi, Kenya, East Africa 





Let our 


b GY of specialized experience 


work for you... profitably 


® For over half a century, ATLAS has 
been a leader in the production of 
Guaranteed OILS Quality Oils for the Tanning Industry, 
© NEATSFOOT OILS through extensive research to serve 
© SULPHONATED COD OILS you better. ATLAS specialized 


: et OILS research, plus many years of practical 


© SPLIT OILS experience in the production of 
© MOELLONS, and many consistently high-quality, guaranteed 


ATLAS 


oils is your assurance of uniformity 

to meet definite specifications. Give 
your leathers the "quality look" 

with ATLAS Oils. 


AOA es. 


Pre-eminent in the Tannery Industry 142 LOCKWOOD ST. NEWARK 5, N. ). 


A Name and Symbol 





To 


P vevent Starch and protein finish- 


ing materials provide a fer- 
i tile substrate for the growth 
Spot age of microorganisms. 

BSM-11 or Butrol are ef- 

fective economical pre- 

servatives providing out- 

standing control with a 

synergistic combination 

of bactericides and fun- 


as part of Cech gicides. 


UTA SIT LY aa Our representative will give 


technical advice on the most 
efficient solution of your 
microorganism control 


problems. 


BUCKMAN 


Laboratories, Inc. 


Manufacturing Chemists * Memphis 8, Tennessee 


Representatives in Most Countries 


(Z]B MICROORGANISM CONTROL SPECIALISTS 





How 


HOOKER 
CHEMICALS 


help you 
cut processing costs 


Hooker supplies you with: 


e High-purity sodium sulfides that dis- 
solve fast, for immediate use 


e Caustic soda and other chemicals of 
consistent uniformity that help you 
standardize on processing methods 


Make Hooker your source of supply. 
Write for delivery information and 
prices. Hooker Electrochemical Com- 
pany, 3 Union St., Niagara Falls, N.Y. 


For precision control of unhairing solu- 
tions—Send for Hooker Bulletin 500. 
It tells how Hooker Sodium Sulfhy- 
drate lets you adjust the sulfide and 
alkali strength of unhairing solu- 
tions exactly as you wish. 


ayers 


Malate HOOKER ELECTROCHEMICAL COMPANY 


NIAGARA FALLS TACOMA WEW YORK CHICAGO LOS ANGELES 


Sodium Sulfide 
Sodium Sulfhydrate 
Sodium Tetrasulfide 
Caustic Soda 
Muriatic Acid 
Sodium Benzoate 


PARADI® (Hooker 
Paradichlorobenzene) 


For time-saving data on soaking 
—Write for Hooker Bulletin 
505. It describes how tanners 
are cutting soaking time in half 
by using Hooker Sodium Tetra- 
sulfide solution. 


$$ Thom te Call of the Exe. —— 





UNITANE OR-150 
WL aay 


Calco 


AMERICAN Ganamid COMPANY 


DYESTUFF DEPARTMENT 
BOUND BROOK, NEW JERSEY 


NEW YORK + CHICAGO + BOSTON * PHILADELPHIA * CHARLOTTE + PROVIDENCE 
LOS ANGELES - PORTLAND, OREGON 





Better Neutralizing 
with 


SOLVAY 


Wn 
SPIE a> 


gives you 
* BETTER FINISH! 
* UP-GRADED LEATHERS! 


* MORE UNIFORM 
DYEING! 


Get Uniform Quality in Your Leathers . . . improved grain 
and better dyeing characteristics when you neu- 
tralize with SoLvay Ammonium Bicarbonate. 


This Superior Product penetrates the leather uniformly 
throughout the thickness of the hide—the inner area 
as well as the surface. SOLVAY Ammonium Bicar- 
bonate has a high neutralizing value (greater than 
borax or sodium bicarbonate) with a low pH—a 1% 
solution has a pH of only 7.8! 


Send for Trial Samples of SOLVAY Ammonium Bicar- 

bonate and see how it gives you better looking 

Other Solvay Products leathers—economically and efficiently. Write or 
for Tanners phone the So.vay office nearest your plant. 


© CLEANSING SODA XX SOLVAY PROCESS DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


© SNOWFLAKE* a 
CRYSTALS Ya 61 Broadway, New York 6, N. Y. 


BRANCH SALES OFFICES: ———- 
#REG. U.S. PAT. OFF. Boston «+ Charlotte + Chicago + Cincinnati + Cleveland + Detroit 
Houston + New Orleans + New York + Philadelphia - Pittsburgh 

St. Louis + Syracuse 


Soda Ash . Caustic Soda . Potassium Carbonate - Calcium Chloride ~« Chlorine - Caustic Potash . Sodium Nitrite 
Cleaning Compounds . Ammonium Bicarbonate . Sodium Bicarbonate - Snowflake® Crystals - Ammonium Chloride 
Monochlorobenzene . Para-dichlorobenzene - Ortho-dichlorobenzene 
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you should know that 


60 up - to- date factories 


located in the woodiands of France, Italy 
ond Switzerland can meet your needs 
thanks to their yearly production of over 
2000 000 bags of pure chestnut extracts 


If you wish 


for your sole leather: Maximum degree of tannin fixation 
Highest yield 
Better firmness and waterprootness 


for your chrome retary uppers, welting, upholstery leathers: Excellent tensile and stitching strength 
together with good suppleness and colour . 


use the Astringent and Adjusted CHESTNUT EXTRACTS trom the living trees of Western Europe 





GAMBIER 


from Malayan Straits 


Raw materials for tanning extracts are brought to us from all 

over the world by ships like*the “African Moon” of the Farrell "== 
Lines and our own chartered boats. : 3 
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QUERBRACHO 
from the Argentine 


For three-quarters of a century—since 1879—The J. S. YOUNG CO. continuously has im- 
ported, processed and manufactured—in its modern 8'4-acre Baltimore plant—highest 
quality tanning extracts for the industry. 


They include: 
LOGWOOD © WATTLE BARK © SUMAC © DIVI-DIVI © GAMBIER © QUERBRACHO © MYRABOLAM 
OSAGE ORANGE © CHESTNUT WOOD EXTRACT © FUSTIC © HYPERNIC © TANNIC ACID 


We are also manufacturers of the famous CHEMBARK 

natural tanning extracts for the Chemtan Co. 

and special products for other well-known firms. 
— from France and Italy 


we J. S. YOUNG CO. 


2701-2733 Boston St., Baltimore 24, Maryland 
Experienced technical advice available on request from Baltimore or from any of our branches 
Branches: PHILADELPHIA © CHICAGO e@ PATERSON, N. J. © DANVERS, MASS. 





DEVELOPMENT AND 


INTRODUCTION OF 


BETTER CHEMICALS FoR TANNING 





7807, Type B. 


WEBER ELECTRIC DRYING OVENS, 
A.H.T. Co. Specification. With automatic 
temperature control and pointer scale mounted 
on top of the Oven for approximate setting 
directly at any desired temperature between 
60°C and upper limit of Oven selected. 


Air circulation system within the drying 
chamber provides a uniformity of tempera- 
ture distribution sufficient for all laboratory 
purposes. Details of these tests sent upon 
request. 


Walls of Stainless steel; front casting and 
door frame of brightly polished aluminum, 
avoiding the possibility of rusting or cor- 
rosion. Insulated throughout by 1-inch corru- 
gated asbestos or, in BHT, by glass wool. 


A.H.T.CO. 


WEBER 
ELECTRIC 


DRYING 
OVENS 


With automatic temperature con- 
trol and pointer scale for setting 
directly in degrees Centigrade 


Of Stainless steel and aluminum 
construction, inside and outside 


Again available for immediate 
shipment from our stock 


The thermostatic metal thermoregulator 
used in these Ovens has, for many years, 
proved a most reliable means of tempera- 
ture control. Electrical contacts are actuated 
through a mechanical device which eliminates 
strain, and a condenser of adequate size 
minimizes sparking. 


7805. Oven, Weber Electric Drying, Type A, inside 
dimensions 10X10X10 inches, with two shelves and Stainless 
steel door. For operation to 150°C. Power consumption 
400 watts. With thermometer 200°C, cord and plug. 
For 115 volts, a.c. only....... wea s ... 150,00 


7807. Ditto, Type B, inside dimensions 12X12X12 
inches, with three shelves and double pane Pyrex brand 
glass observation door. For operation to 150°C. Power 
consumption 500 watts. With thermometer 200°C, cord 
and plug. For 115 volts, a.c. only ....222.75 


7809. Ditto, Type BHT, identical with Type B but for 
operation to 260°C and with glass wool insulation. 
Power consumption 1000 watts. With three shelves and 
thermometer 300°C. For 115 volts, a.c. only. ..268.50 


ARTHUR H. THOMAS COMPANY 
Liboualory Afparalus and Kteagents 


WEST WASHINGTON SQUARE 
Teletype Services: Western Union WUX and Bell System PH-72 
CUVEUUCVANUANUAUOGUAEDOGUAUOEDOOUEOEOEDUODOGUOEOOOUGUOGUEUOOOGUOGUELOODORGORUEOOEDOOUAOOOOOODAOOEOOEUOUAOOUEDOODOEUONOODOEDOOOOUOEOOOUOOOEOOEDSOOOOUOOOEOOCOOOOOOOOOOUE 


PHILADELPHIA 5, PA. 
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Heats of Wetting of Collagen, Leather, and Other 
Organic and Fibrous Materials*; 


By Joseru R. Kanacy 


National Bureau of Standards 
Washington 25, D. C. 


ABSTRACT 
The heats of wetting of collagen, chrome, vegetable and chrome-vegetable retanned 
leathers and various textile materials including wool, cotton, viscose rayon, silk and nylon 
were determined calorimetrically. Collagen is shown to have the highest and nylon the 
lowest heat of wetting of the more common leather and textile fibers. 
When the heats of wetting of the leathers are expressed on a hide substance basis, the 
addition of tannin to the hide substance (collagen) increases the heat of wetting at low 


moisture concentrations but decreases the heat of wetting at higher moisture concentra- 
tions. 


The integral heat of wetting for all the materials is shown to be a straight line function 
of the amount of water adsorbed at 65 per cent relative humidity. 

Differential heats of wetting, which indicate the intensity of the reaction between water 
and the materials, were calculated by differentiating empirical equations obtained by 
applying the method of least squares to the data relating heat of wetting to initial moisture 
content of the materials. 


Significance of the results with regard to practical applications is discussed. 


1. INTRODUCTION 


Many organic and fibrous materials, when placed in water, evolve heat, 
the source of which is assumed to be the reaction of the water with certain 
of the active groups. The calorimetric or direct determination of the heat 
evolved when a material is wetted is therefore another method for studying 
the active groups of a material and their availability to and reaction with 
water. 

This study is closely related to those on the adsorption of water from an 
atmosphere containing the vapor at various pressures', *, *. The results of 
such measurements have been used to calculate heats of adsorption by means 
of the Brunauer, Emmet, and Teller equations!, 2 and by means of the 
Clausius-Clapyron equation ?. The validity of these calculations can now be 
ascertained by comparing them with the directly measured values of heat 
of wetting. The influence of temperature on the heats of wetting of various 
forms of collagen and gelatin has been determined by Wollenberg‘. Heats 
of adsorption have an important practical relation to comfort of clothing. 
Moisture in the form of perspiration is adsorbed by the wearing apparel to 
give off heat. This heat evolved may increase comfort or decrease comfort, 
depending upon whether or not the climate is cool or warm. A study of the 


*Presented at the Fiftieth Annual Meeting, Cincinnati, Ohio, June 7, 1953. 


tThis report is made as a part of the Leather Research Program sponsored by the Research and Develop- 
ment Division, Office of the Quartermaster General, Department of the Army. This program is under the Ad- 
visory Direction of the National Research Council. 
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heats of wetting is therefore of importance in both theoretical and practical 
application. 


2. PREPARATION OF SAMPLES 


All leather samples on which heat of wetting measurements are given 
were degreased by extraction with chloroform since the grease reduces water 
adsorption and hence the heat of wetting. The collagen used in this work 
was a specially purified material prepared from a freshly flayed hide by the 
method described by Cassel and Kanagy*®. Deaminated hide powder was 
obtained by reacting hide powder with glacial acetic acid and sodium nitrite 
according to the method of Thomas and Foster®. Formaldehyde-tanned 
hide powder (1.2 per cent CH.O on dry basis) was prepared by reacting hide 
powder with the desired formaldehyde concentration in one-tenth molar 
phosphate buffer (pH 8). The deaminated and formaldehyde-tanned hide 
powders were very thoroughly washed to remove any adhering ions. Silk, 
cotton, viscose rayon, wool, and nylon samples were representative of highly 
purified materials which had been extracted with different solvents in a manner 
similar to that described by Rowen and Blaine’. All materials were ground 
in a laboratory-size Wiley mill to pass a 20-mesh screen. 


Specimens of the materials (approximately 4 grams) on which measurements 
of the heats of wetting were to be made were placed in glass bulbs 7/; by 2 
inches which contained side arms '!/, inch in diameter through which the 
samples were admitted. The specimens in the bulbs were allowed to dry for 
96 hours in an oven at 100°C. For determination of integral heats on these 
specimens, the bulbs were evacuated for 5 minutes at a pressure of about 
10 mm at room temperature by attachment to a vacuum pump and sealed 
under these conditions. For determinations of integral heats of wetting of 
specimens containing a definite amount of water, a known amount of water was 
added and, after allowing 48 hours for equilibrium to be reached at room 
temperature, the bulbs were evacuated and sealed under the conditions 
specified above. The exact amount of water present was determined by 
weighing the bulb before water was added and again after evacuation and 
sealing. A correction was made for the weight of the air initially in the tube. 


3. APPARATUS AND PROCEDURE 


The calorimeter used was developed at the National Bureau of Standards 
for determining the heat of solution of cement and is described in detail in a 
paper by Newman and Wells’. A sketch of the calorimeter is given in figure 
1. The sample is placed under the plunger at D while the calorimeter is 
being assembled. The calorimeter is then transferred to a constant tempera- 
ture bath controlled automatically at 25.000 + .005°C. When the rate of 
temperature rise caused by stirring and thermal leakage had reached a con- 
stant value, the bulb was broken by exerting pressure on the plunger and the 
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FIGURE 1.—Design of calorimeter: A—Outer jacket; B—Reaction vessel; C—Cover of 
reaction vessel; D—Position of glass bulb; E—Heater coil; F—Plunger. 


sample was subjected to the water. Evacuation of the bulbs facilitated rapid 
wetting without necessity for displacing air in the ground specimens. The 
heat evolved by the breaking of the bulb was found to be negligible. 

The heat capacity of the calorimeter and contents was determined by intro- 
ducing a measured amount of electrical energy and measuring the resultant 
temperature rise. The heat capacity of the calorimeter was determined with 
collagen or leather in the sample bulb. Twenty determinations indicated a 
variation of + 0.09 per cent. Sample variations of about one gram had no 
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significant effect on this heat capacity. The value for the heat capacity 
obtained with collagen or leather in the sample bulb was used in calculations 
for all materials since it is not believed that the type of material in the range 
of sample sizes used would cause significant differences in the results. The 
assumption was made also that the heat capacity of the calorimeter was the 
same with dry and wetted specimens. 


TABLE I 
Integral Heats of Wetting of Collagen, Leather, and Textile Materials 


Material Heat of wetting 


cal / gram 
Collagen 37.1 
Hide powder (formaldehyde-tanned) 33.9 
Hide powder (deaminated) 30. 
Chrome leather 31 
Chrome-retanned leather 25 
Vegetable-tanned leather 21 
Viscose rayon 21 
Wool 20 
Silk 13 
Cotton 11 
Acetate 8 
Nylon 6 
Glass fiber 0 


= 
= 


SOP INN 


NAAN 


4. RESULTs AND Discussion 
4.1 Integral Heats of Wetting 


In table 1 are listed integral heats of wetting for a number of different 
dry materials. It may be observed that collagen has the highest heat of wetting 
of all of the materials. This is followed by various modifications of collagen 
and by chrome leather. The textile fibers, cotton, wool, and silk, are appreciab- 
ly lower. Nylon and acetate have the lowest heats of wetting of the commonly 
used synthetic textile fibers excluding the glass fiber which has an extremely 
low heat of wetting. 

In figure 2 is shown the relationship between the integral heats of wetting 
and the initial moisture content of the materials. The percentage moisture is 
calculated on the basis of the dry material. These heats were determined 
on samples which had previously been brought to equilibrium with a definite 
amount of water. Figure 2 shows that the heat of wetting decreases rapidly 
as the initial water content of the materials is increased. 


4.2 Differential Heats of Wetting 


From the slope of the curves in figure 2 at any point the differential heat 
of wetting at that point may be calculated. In this paper the slopes at any 
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FIGURE 2.—Integral heats of wetting as functions of initial water content. 


point were determined by differentiating empirical equations derived by 
applying the method of least squares to the results represented by the data 
of figure 2. The data in this figure are fairly closely represented by the equa- 
tion y — ab*. However in order to obtain greater accuracy, an empirical 
equation having three or four constants was derived for each of the curves. 
The least square equations are given for each material in table 2, and in 
table 3 the differential heats of wetting at various water contents based on 
the dry material are given. These equations are valid only within the limits 
of the data presented in figure 2. A similarity in the values for collagen, 
chrome leather, and chrome-retanned leather is apparent over the entire 
moisture range studied. This may indicate that the active sites of chrome 
leather and chrome-retanned leather are not appreciably different from the 
active sites of the untanned collagen. In contrast is the considerably higher 
differential heat of wetting of vegetable-tanned leather at zero moisture 
content. The active sites of the vegetable-tanned leather would seem to be 
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TABLE 2 


Least Square Equations Applied in Calculation of Differential Heats of Wetting 


te Material eat Equation* 


Collagen + 21.56) =789.6 —17.690x + 0.0425x? 


7 
Chrome leather y(x + 18.085) =585.19 — 17.085x + 0.0998x? 


Vegetable-tanned leather + 5.184) 112.4 + 3.459x — 0.3611x? 
Chrome-retanned leather + 39.32) =991.0 — 65.86x + 1.139x? 
Viscose +9.880) =211.26 — 6.960x — 0.007x? 
Wool + 3.48) 72.19 + 7.110x — 0.4936x?2 
Silk y 13.7 — 1.526x + 0.0449x? 
Cotton y(x + 15.84) =180.45 — 26.07x + 1.130x? 
Nylon y = 6.5—1.99x + 0.177x 


*General equation: y(x +d) =a + bx + cx? or 
y=z+bx + cx2 
x water content in per cent based on dry material. 


y heat of wetting of material containing x per cent water, in calories per gram of dry material. 


TABLE 3 
Differential Heats of Wetting of Collagen, Leather, and Textile Materials 


Vegetable-tanned Chrome-retanned 
H,0 Collagen Chrome leather leather leather 


“cal/mol H,O cal/mol H,O _ 


cal/mol H,O_ ‘cal/mol H,O 


4530 4920 6330 4170 
4140 4400 4640 3860 
3790 3960 3610 3580 
3210 3240 2460 3070 
2380 2270 1530 2240 
1440 1260 990 1090 
670 


Viscose Wool Cotton Nylon 


cal/ cal/ cal/ cal/ : 
mol H,0 , mol H,O mol H,O mol H,O 
5170 7050 4260 3590 
4260 4610 3540 2950 
3580 2830 2930 2310 


2630 1950 1980 1030 
1590 1330 740 


820 1030 





different from those in the untanned collagen. That the retanned sample 
does not show results similar to the vegetable-tanned sample may be corre- 
lated with the fact that the vegetable tannin contained in a retan leather is 
much more resistant to water leaching than is the vegetable tannin in a 
vegetable-tanned leather, and that in the two leathers the mode of combina- 
tion of the vegetable tannin would seem entirely different. 
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FIGURE 3.—Integral heat of wetting of dry materials as a function of water adsorbed 
at 65 per cent R. H. 


In the moisture range 0 to 4 per cent water, table 3 also shows that the 
differential heat of wetting of silk is almost independent of its moisture 
content. The differential heat of wetting at zero moisture content for viscose 
is about twenty per cent higher than that of native cellulose, i. e., cotton. 
Both Hermans ®* and Rees® found no difference in the two celluloses in this 
respect. The high differential heat of wetting for wool at zero moisture 
content as compared with that of collagen is a little surprising, since wool in 
its polar amino acid content is somewhat similar to collagen, lacking only 
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the high proline and hydroxy proline content of the latter. It should be ob- 
served that the value for wool at zero moisture content is not in agreement 
with that of Hedges'!® who gives a value of 3,300 cal/mol H.O, but is only 


slightly higher than the value of 6,470 cal/mol H.O calculated by Hailwood 
and Harrobin!!. 


5. GENERAL Discussion 


It is assumed that the source of the heat evolved when a material is wetted 
with water is the combination with active accessible groups with the result 
that energy is liberated. The integral heat of wetting of a given material is 
the total quantity of heat evolved when the material, irrespective of initial 
water content, is wetted with a large amount of water. This might be pro- 
portional to the amount of water absorbed by the material when exposed 
to an atmosphere of a given relative humidity, or might depend in addition 
upon some property of the active groups such that the heat evolved per 
molecule of water adsorbed is different for different groups. 


In figure 3 the integral heat of wetting in calories per gram of dry material 
is plotted against the per cent of water adsorbed by a number of different 
materials at 65 per cent relative humidity 2, *. This plot gives a straight line 
which indicates that the integral heat of wetting is proportional to the amount 
of water adsorbed under the specified conditions. This is in agreement with 
the results recorded by Meredith!? and would seem to indicate that the 
heat evolved is a function only of the amount of water adsorbed. 

These results indicate that the integral heat of wetting per molecule of 
water adsorbed is approximately the same for all the materials investigated. 
Thus the type of combination of water with all of the materials studied 
appears to be identical. It is assumed that this is hydrogen bonding. 

In previous work? it has been shown that if the logarithm of the water 
adsorbed by collagen is plotted against the reciprocal of the absolute tempera- 
ture a straight line is obtained. In figure 4 the uppermost linear curve was 
obtained by plotting the logs of the moisture adsorbed by collagen at 80 
per cent R. H. at different temperatures against the reciprocal of the abso- 
lute temperature. 

The lower linear curve is a plot of the logs of the heats of wetting of initially 
dry collagen at different temperatures (Wollenberg’s data‘,) versus the re- 
ciprocal of the absolute temperature. It may be noted that the two linear 
curves are approximately parallel, which indicates that Wollenberg’s heats 
of wetting values varied with temperature in proportion to the amounts of 
water adsorbed at those temperatures. This signifies again that the heat 
evolved per molecule of water at any temperature must generally be the 
same. 

The differential heats given in table 3 indicate that water is adsorbed 
most intensely at low concentrations by wool, vegetable-tanned leather, and 
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FIGURE 4.—Relation of the integral heats of wetting of dry collagen and water adsorp- 
tion by collagen at 80 per cent R. H. Water adsorption; Heat of wetting. 


viscose rayon. Silk adsorbs water least intensely. This indicates that the 
former have the more strongly water-attracting groups. In the vegetable- 
tanned leather, the strongly water-attracting groups are apparently a com- 
posite of those present in the untanned collagen and those introduced by the 
vegetable tannin. While some masking of groups in the collagen undoubtedly 
occurs during tanning, the intensity with which water is adsorbed is not 
diminished but rather increased, a fact indicative of the strength of the 
water-attracting groups in the tannin. It should be noted that the inten- 
sities of adsorption of water by vegetable leather, chrome leather, and collagen 
in the low moisture content region (1 per cent or less moisture) are in the 
same rank as that shown in a previous publication? where the Clausius- 
Clapyron equation was applied in calculating heats of adsorption from 
moisture adsorption data for these materials. The very low differential heat 
of wetting of silk at zero moisture content may be related to its amino acid 
structure since it is practically lacking in acidic amino acids, which in the 
peptide chains contribute free water-attracting carboxyl groups, and contains 
only a small basic amino acid fraction which would contribute free water- 
attracting amino and guanidino groups. 

Collagen has a greater capacity for the adsorption of water than any other 
material studied. It also gives off the greatest amount of heat when wetted. 
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The explanation for the difference in the capacities for water adsorption by 
the materials studied is apparently involved in their physical and chemical 
structures. The material must contain water-attracting groups; also, the 
physical structure must be such as to permit the water to come in contact 
with these groups. It is assumed that the active polar groups in the proteins 
and the hydroxy groups in the cellulose materials are most important in the 
adsorption of water!’. Amino, guanidyl, and carboxyl groups in proteins 
are highly active in combining with water. These along with other polar 
groups such as the hydroxyl groups of serine and hydroxyproline are most 
important in the adsorption of water by collagen. 


It is generally assumed that the adsorption of water in a fibrous material 
takes place in the amorphous regions since entry of water into the highly 
crystalline regions is difficult. In the case of nylon its reactive end groups, 
carboxyl and amino, are responsible for its adsorption intensity at low con- 


centration. Because of its high crystallinity very few of its active groups are 
accessible and it has a low heat of wetting. 


It is interesting to compare the two similar cellulosic materials, cotton and 
viscose rayon. Cotton is a native untreated material and highly crystalline, 
whereas in viscose rayon the cotton has been dissolved and regenerated. 
Viscose rayon has a lower degree of polymerization and therefore it should 
have more end groups. It is more amorphous than cotton, and treatment 
in the viscose process with sodium hydroxide tends to produce highly reactive 
carboxyl groups. The fact that viscose rayon has a much higher integral heat 
of wetting than cotton is therefore readily explained. 


In a previous publication ! the author has discussed the adsorption of mois- 
ture by leather and collagen in terms of layer formation on active groups and 
especially active polar groups. It is necessary that the water gain access to 
these groups by spreading the polypeptide chains of the proteins apart. It 
may be visualized that the magnitude of the layers depends upon how far the 
polypeptide chains may be spread. For the highly crystalline materials such 
as nylon and silk, penetration of the materials by water is so restricted that 
appreciable layer formation will not be possible. Their adsorption capacities 
are therefore lower than those of other materials. Wool has a disulfide cross 
linkage which probably has an appreciable retarding effect on the spreading 
of the peptide chains. The peptide chains in collagen are apparently most 
free to spread. The large concentrations of proline and hydroxyproline in 
this protein and the long side chains of arginine and lysine probably inhibit 
the formation of extensive crystalline areas. For this reason collagen has 
a high capacity for water adsorption. Tanning with chromic acid appears to 
alter collagen very little and therefore chrome-tanned leather behaves most 
nearly like collagen in the adsorption of moisture. On the other hand, vege- 
table and chrome-retanned leather contain considerable amounts of vegetable 
tanning materials which by blocking action may reduce the accessibility of 
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polar groups to water or by cross linking may prevent the chains from spread- 
ing at higher moisture contents. For this reason the amount of water adsurp- 
tion and consequently the heat of wetting is lowered. 
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FIGURE 5.—Integral heats of wetting on a hide substance basis as a function of initial 
water content. 


The integral heats of wetting for leathers based on the hide substance 
content are compared to those of collagen in figure 5. At low moisture content 
the values for vegetable and chrome-retanned leathers are higher than those 
of collagen and chrome-tanned leathers because the results of the former 
include the heat of wetting of the tannins. Determinations made on que- 
bracho and chestnut tannins indicate that the heat of wetting is approximately 
14 cal per gram of tanning material. For 44 gram of tanning material and one 
gram of hide substance the heat of wetting is calculated to be 43 cal/g which 
is approximately the value experimentally obtained for the leathers. At 
higher moisture contents the results for the leathers drop below that for 


collagen, probably because the tanning materials prevent appreciable spread- 
ing of the polypeptide chains. 


In table 4 values for differential heats of adsorption obtained by applica- 
tion of the Clausius-Clapyron and the BET equation to water adsorption 
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TABLE 4 


Heats of Adsorption of Water Calculated From Adsorption Measurements 
(Corrected for Heat of Vaporization of Water) 
Hide Chrome Vegetable-tanned Chrome-retanned 
Collagen powder leather leather leather 


cal/mol cal/mol cal/mol cal/mol cal/mol 


3540 2840 4940 6240 5940 
3140 3040 4240 4640 3240 
3040 3140 3140 3040 2440 
3140 3140 2940 2540 2140 
1940 1540 1640 1940 1340 
1540 1240 640 1340 840 
1040 1040 440 840 840 

740 440 340 —_—- sons 

From BET Equation 

1140 1340 1540 1640 1640 


data as was done in earlier publication? are compared after correcting for the 
heat of condensation of water with the heat of wetting data obtained directly 
in this paper. 

The agreement of the two sets of values is reasonably good. The results 
obtained with the Clausius-Clapyron equation agree best. Those obtained 
with the BET equation are lower since this equation gives an average value 
over the range of moisture content. 

It was previously stated that the mechanism of water adsorption may 
involve water molecule layer formation. By assuming formation of water 
layers four to five molecules in depth, there are sufficient polar groups in 
collagen to account for all the water which on adsorption liberates any 
measurable energy. This depth of layer formation was predicted in previous 
work in calculations made by means of the BET equation '. 


TABLE 5 


Heat Evolved by Materials When Liquid Water is Added to Bring Moisture 
Content From That Corresponding to Equilibrium at 33.5% R. H. 
and 25°C to That Corresponding to 90% R. H. and 25°C 


Material Heat evolved 
cal/gram 

Collagen 1 
Chrome Leather 1 
Retanned leather 
Vegetable-tanned leather 
Viscose rayon 
Wool 
Silk 
Cotton 
Nylon 


Mm wWaAaweanwes 
a ee 





658 LEATHER CHEMISTS ASSOCIATION 


The heats of wetting of the materials described are of importance in regu- 
lating warmth and comfort in body apparel. Values for the heat evolved by 
a number of materials when the water content is increased from that at normal 
R. H. (33.5 per cent) at 28°C to that at a damp atmosphere (90 percent 
R.H.) at the same temperature by addition of liquid water are shown in 
table 5. It may be noted that, except for collagen, chrome leather gives off 
the most heat under these conditions. Vegetable and retanned leathers are 
comparable to wool and viscose rayon. In many of the leather products of 
today this factor, inherent in leather because of the ability to evolve heat on 


being wetted, is hampered by the presence of high concentrations of grease. 


Grease restricts the water adsorption of leather and greatly reduces the energy 


available from this process. 


The author expresses his appreciation to E. §. Newman of the Mineral 
Products Section for permission to use his calorimeter equipment and for his 
interest and suggestions. 


6. REFERENCES 


. Kanagy, J., J. Research NBS 38, 119 (1947) RP 1763. 

. Kanagy, J., J. Research NBS 44, 31 (1950) RP 2056. 

. Rowen, J., and Blaine, R., J. Research NBS 39, 479 (1947). RP 1842. 
. Wollenberg, H., J. Soc. Leather Trades Chem. 36, 172 (1952). 


. Cassel, J., and Kanagy, J., J. Research NBS 42, 557 (1949) RP 1992; J. Am. Leather 
Chem. Assoc. 44, 424 (1949). 


. Thomas, A., and Foster, S., J. Am. Chem. Soc. 48, 489 (1926). 
. Newman, E., and Wells, L., J. Research NBS 20, 825 (1938). RP 1107. 


. Hermans, P., ‘Contribution to the Physics of Cellulose Fibers,’’ Elsevier Publishing 
Company, New York, N. Y., (1946). 


. Rees, W., J. Textile Institute 39, T351 (1948). 
10. Hedges, J., Transactions of Faraday Society 22, 178 (1926). 
11. Hailwood, A., and Horrobin, S., Transactions of Faraday Society 42B, 84 (1946). 


12. Meredith, R., Chapter 13 of ‘Fiber Science’ edited by Preston, J., The Textile Insti- 
tute, Manchester, England, (1949). 


13. Pauling, L., J. Am. Chem. Soc. 67, 555 (1945). 


Received March 22, 1954. 





STUDIES OF ANIMAL SKIN PROTEINS 


Studies of Animal Skin Proteins 


XI. Separation of the Protein Constituents 


of Animal Skin 
By Roserr L. Stussincs 


From the Division of Leather Technology, 
Chemistry Department 
Lehigh University, 
Bethlehem, Penna. 


In the process of leather making, the tanner has found many practical 
answers to the problem of modifying various proteins found in animal skin 
in order to produce leather of specific properties from raw hide. The coagula- 
ble proteins (globulins and albumins) are partially removed in the curing 
and soaking processes. Hair and epidermis are removed by liming, unhairing 
and scudding and, during the liming process, other skin proteins are probably 
affected. The effects of the bating process on the proteins remaining in the 
skin after liming are not at all well known, but from a practical viewpoint, 
the tanner recognizes the importance of this process and rigidly controls it 
to produce leather with the desired qualities. 

In order to aid our understanding of the various ways that the proteins 
of the skin are affected in the processing, chemists have attempted to develop 
methods of measuring the amounts of the various proteins present in the skin 
so that changes taking place in different treatments might be quantitatively 
determined. Many different approaches to this problem have been made, 
but because of the complexities involved, the methods presently available 
are not entirely satisfactory, although considerable progress has been made. 
Two general methods have been used—one involving an attempt to differen- 
tiate the protein constituents after solubilization from the skin, and the other 
to selectively remove single proteins or groups of proteins from the skin by 
specific chemical or physical treatments. To use either method, certain data 
must be taken in order to prove the value of the technique employed and, 
unfortunately, the great majority of papers published do not contain sufficient 
control data to be able to assess their value. 

One of the first comprehensive attempts to solve the problem was made by 
Rosenthal! in 1916 employing the method of selectively dissolving various 
proteins from the ground skin. His technique was as follows: (1) extract 
albumins, globulins and non-protein nitrogenous matter with 10 per cent 
NaCl; precipitate albumins and globulins in filtrate by heat and acetic acid; 
(2) extract mucoid proteins with half saturated Ca(OH),; precipitate mucoids 
in filtrate by neutralization with HCI; (3) digest elastin from skin with pan- 
creatic enzyme; determine elastin content by multiplying N, obtained by 6; 
(4) digest collagen from residue by treating with pepsin in .02 N HCI; multi- 
ply N, obtained by 5.58 for collagen value; (5) obtain value for keratin and 
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residue by subtracting from 100. Unfortunately Rosenthal gave no data to 
indicate the quantitative value of these various techniques and so it is im- 
possible to judge their worth on the basis of his paper. The later work of 
Kritzinger? on the extraction of coagulable proteins from animal skin by 
sodium chloride solutions tends to support Rosenthal’s method for those 
proteins, but very little data are available as to the reactions of enzymes with 
specific proteins and so this phase of Rosenthal’s separation is subject to 
considerable doubt. McLaughlin and Theis * extended the method developed 
by Rosenthal by measuring the protein fractions of fresh skin without 
drying using essentially the same technique as Rosenthal. The modifications 
they made in the procedure for determining elastin and collagen, however, 
are worth discussing. These authors used only a center corium split (epider- 
mis and flesh removed) and determined the elastin after extraction of the 
coagulable proteins and mucoids by boiling the residue in water for several 
days, the residue remaining being measured as elastin. Collagen was deter- 
mined by extracting the residue (after removal of coagulable proteins and 
mucoids) with tryptic enzyme which supposedly dissolved elastin but left 
the collagen behind. In this study, no data were given to substantiate the 
separation of elastin and collagen by this method, and also the epidermal 
proteins had been removed prior to the analysis so that any effect which they 
might have had in the separation procedure was not evident. 


That this problem of separation of various fibrous proteins is not peculiar 
to leather chemists is evidenced by the investigations in other biochemical 
fields along the same lines. Mitchell, Timmerman and Hamilton‘ in 1927 
attempted to analyze for the collagen content of muscle. They macerated the 
tissue, extracted it with water and autoclaved the residue in water for 2 
hours at 16 p.s.i. to solubilize the collagen, a nitrogen determination of the 
filtrate being used as a measure of the collagen present. However, they did 
not check the autoclaving time to insure complete removal and did not take 
into account the other proteins which were present. Spencer, Morgulis, and 
Wilder® in 1937 used this same method but measured the collagen by pre- 
cipitating the gelatin formed with 5 per cent tannic acid. In this case also, 
no check of autoclaving time was made, and no consideration given to the 
other proteins present. Lowry, Gilligan, and Katersky® in 1941 made a 
much more careful study of this autoclave method, and decided to remove 
proteins other than collagen and elastin by treatment at room temperature 
for 18 hours with 0.1 N NaOH. The residue was neutralized, washed, and 
autoclaved at 50 p. s. i. for 4 hours to solubilize the collagen which was 
measured by difference in weight of the residue before and after autoclaving. 
To determine elastin, the residue after autoclaving was treated with 0.1 N 
NaOH and placed in a boiling water bath for 30 minutes, washed, dried, and 
the dry weight was considered to be elastin. The reason for this caustic 
treatment after removal of the collagen was not explained by the authors, 
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and it would seem that a more logical interpretation might result had the dry 
weight after removal of the collagen been considered as elastin. In this work, 
however, several variables were carefully checked which had not been previ- 
ously investigated. The extraction of the tissue with 0.1 N NaOH was done 
for 18 hours and 72 hours and the results obtained for collagen were almost 
identical, thus showing that the shorter time was sufficient. The solubiliza- 
tion of purified collagen samples from tendon in this treatment was also 
checked and found to be negligible. The time and pressure of autoclaving 
were also investigated and the 50 p. s. i. and 4 hours chosen by the authors 
was based on the fact that under these conditions the smallest amount of 
material was obtained by further autoclaving (about a 4 per cent increase 
over the collagen value obtained in a single 4 hour autoclaving), whereas 
at 20 p. s. i. and 2 hours, re-autoclaving the sample produced a 37 per cent 
increase in the collagen value. No investigation of the suggested method 
for elastin was made. Recently Lilienthal and co-workers? suggested a 
modification of Lowry’s method to increase the ease of removal of non- 
collagenous protein material. They employed the Potter-Elvehjem homo- 
genizer and used 0.05 N NaOH at room temperature for 18 hours for the 
extraction. This technique of finely dividing a wet fibrous sample is one 
which might have considerable value in leather technology. 


Jacobs * in 1949 developed a method directly applicable to animal skin in 
which a separation was made into non-protein nitrogen, globular protein 
nitrogen, collagen nitrogen, and elastin and keratin nitrogen. The final 
method recommended consisted of hydrolyzing a finely divided sample in 
0.1 per cent HCI for 1 hour at 85°C., filtering off the residue (elastin plus 
keratins), precipitating the globular proteins in the filtrate with 3 per cent 
CCl; COOH and precipitating the total protein in the filtrate with 30 per cent 
CCI,COOH in the presence of bentonite. The nitrogen after precipitation 
of the total proteins was considered to be non-protein nitrogen. Collagen 
nitrogen was calculated as the difference between total protein nitrogen and 
coagulable protein nitrogen. In developing this method, more careful control 
methods were used than had previously been reported in leather literature, 
and thus this paper should represent an important contribution to the sub- 
ject. An examination of the critical points of the method reveals several 
steps for which control data are necessary. In the first place, since the separa- 
tion of collagen, coagulable proteins and non-protein nitrogen from elastin 
and keratin is accomplished by acid hydrolysis, a control showing that the 
former are completely soluble under the conditions of hydrolysis, whereas 
the latter are insoluble is necessary. The data presented indicate that collagen 
(prepared by the method of Buechler®, coagulable proteins (prepared from 
whole blood) and non-protein nitrogen (urea-lysine mixture) are soluble 
under the conditions chosen, but no information is given as to the solubility 
of keratins and elastin under these conditions. Also the method used for the 
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determination of collagen and globular proteins depends upon these materials 
remaining as large enough molecules after the acid hydrolysis to be com- 
pletely precipitated by trichloracetic acid. Some evidence is presented on 
this point in that a .96 correction factor had to be applied to the globular 
protein fraction to give correct results on control analyses using blood plasma; 
and for the total protein nitrogen fraction, the procedure of precipitation 
involved 5 successive treatments with bentonite in 30 per cent CC],COOH 
to precipitate all of the collagen derived gelatin whereas undegraded gelatin 
(prepared from collagen by boiling H.O) was completely precipitated by a 
single treatment with 9 per cent CCl],;COOH. These data indicated that 
under these conditions of acid hydrolysis, considerable breakdown of both 
coagulable and collagen proteins occur, and that their complete precipitation 
involved very carefully controlled procedures. The data presented showing 
that coagulable proteins are soluble in 0.1 per cent HCI at 85°C. for 1 hour 
was most unexpected, since most of the standard tests for globular proteins 


involve heating a slightly acidified solution of these proteins and filtering off 
the coagulated mass. 


Because of the difficulties encountered in the Jacobs method in the pre- 
cipitation of total protein nitrogen, the lack of quantative information con- 
cerning the solubility of keratins and elastin in acid hydrolysis and the 
unexplainable solubility of coagulable proteins in hot acid solution, it was 
decided to reinvestigate the method suggested, especially in view of the 
great value an accurate method for these factors would have in the study of 
pre-tanning operations from soaking through bating. 


EXPERIMENTAL 


The solution to the problem of analyzing skin for various protein compo- 
nents requires careful control data on pure proteins as was clearly recognized 
by Jacobs and, since the skin is a heterogeneous fibrous mass, some means 
must be found to either successively remove single components, or to quan- 
titatively analyze for mixtures of these components in those cases where 
more than single proteins are removed from the skin by a particular treat- 
ment. If a method involving only the successive removal of various proteins 
could be accurately worked out it would obviously have advantages over a 
method in which mixtures of proteins must be separated from solutions. 
However, the complexities involved in skin structure indicate that probably 
some combination of the above methods is necessary. 


Precipitation of Soluble Proteins 


Our first investigations were conducted to find some method of readily 
separating various soluble proteins by selective precipitation. Many pre- 
cipitating or coagulating agents for proteins have been suggested in the 
literature including: tannic acid 5, lead acetate °, picric acid ! °, tungstic acid !1, 
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mercuric nitrate !2, heat and acetic acid} 3, and trichloracetic acid!3. Several 
investigators have developed’ specific selective precipitation methods to 
separate gelatin from other types of proteins and, since this separation was 
necessary in Jacobs method, these techniques were investigated with the 
viewpoint of improving both the ease and accuracy of the separation. Farkas! ° 
found that soluble proteins, other than gelatin, could be precipitated by 
picric acid at 40°C., and that after removal of the coagulum, the gelatin 
would precipitate as the picrate upon cooling the solution. Stokes!? found 


—~° TANNIC ACID 


° WITH ALBUMIN 
£ % 
®\\\ TRICHLORACETIC 


WITH ALBUMIN 


% PRECIPITATED 
> O> 
© Oo 


iw) 
Oo 


TRI CHLORACETIC 
WITH GELATIN 


4 8 12 16 
FINAL % PRECIPITATING AGENT 


FIGURE 1.—Coagulation of Albumin and Gelatin by Various Concentrations of Tri- 
chloracetic Acid and Tannic Acid. 
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that Hg(NO,), would precipitate proteins other than gelatin and that picric 
acid added to the filtrate would precipitate the gelatin. Margulis et. al5 
have used tannic acid as a quantitative precipitant for gelatin but no informa- 
tion was given as to the precipitation of other proteins. 


For our studies, the white of egg dissolved in 5 per cent NaCl solution was 
used to represent globular proteins and purified calfskin gelatin (Eastman 
Kodak Co.) to represent dissolved collagen. Solutions of these proteins were 
treated with various concentrations of both trichloracetic acid and tannic 
acid. The results obtained are shown in Figure 1 and indicate that tannic 
acid quantitatively precipitates both coagulable proteins and gelatin in all 
ranges of concentrations employed, whereas, trichloracetic acid has no effect 
on gelatin at low concentrations but does precipitate coagulable proteins 
to the extent of about 90 per cent above 3 per cent concentration. The ex- 
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FIGURE 2.—Hydrolysis of ‘‘Native’’ Collagen by Various Concentrations of HCI in One 
Hour at 85° C. 
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planation for the difference between the coagulable protein precipitated by 
trichloracetic acid and tannic acid is not known but this may be caused by the 
tannic acid precipitating nitrogenous material of lower molecular size than 
that which the trichloracetic acid will coagulate. The method recommended 
for the separation of coagulable proteins from collagen derived protein is to 
precipitate the coagulable material with 3 per cent trichloracetic acid, filter 
and precipitate the gelatin in the filtrate with 2 per cent tannic acid, the 
nitrogen in the final filtrate being considered as non-protein N,. The error 
introduced by this method (because of the difference between the coagulable 
N, precipitated by tannic acid and that precipitated by trichloracetic acid) 
results in collagen values which are high by about 10 per cent of the coagula- 
ble N; value. This error would be very small if the ratio of collagen to coagula- 
ble N,. in the test sample were large—which would certainly be the case for 
the analysis of any skin sample. The results for non-protein N, by this method 
would be lower than by the Jacobs method but insufficient information is 
available to decide which method yields the better value, since it is not 
known whether the tannic acid value for coagulable nitrogen or the tri- 
chloracetic acid value is the more accurate. 


Acid Hydrolysis of Collagen 


The next factor requiring study was the extent to which acid hydrolysis 
effects the precipitating ability of gelatin derived from collagen. Purified 
collagen (prepared by the method of Highberger !4) was treated with various 
strengths of HCl, following the technique described by Jacobs except that 
the gelatin formed was measured by precipitation with tannic acid followed 
by a Kjeldahl determination. The results of this experiment are shown in 
Figure 2 and show that the acid hydrolysis of collagen to gelatin must be 
extremely carefully controlled in order for all the gelatin to be recovered in 
the tannic acid precipitate. It is necessary to use just exactly the correct 
strength of HCI (with time, temperature, and weight of sample held constant) 
in order to dissolve all the collagen and yet not degrade the gelatin formed 
to such an extent that it will no longer precipitate with tannic acid. Because 
of this very careful control required, it is suggested that this technique has 
limited applicability in leather research, and if used without consideration 
for the factors involved is apt to produce grossly misleading results. 


Solubility of Coagulable Proteins in Acid Solution 


The question of the solubility of coagulable proteins in hot acid solutions 
as reported by Jacobs required re-investigation, since this concept is con- 
trary to common practice. A solution of egg white in 5 per cent NaCl was 
used as the source of coagulable proteins and the solubility of this material 
at 85°C. after 1 hour in various strengths of HCl was determined. The 
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FIGURE 3.—Coagulation of Egg White Proteins by Various Concentrations of HCl in 
One Hour at 85°C, 


results obtained are shown in Figure 3 and demonstrate conclusively that the 
large majority (about 80 per cent) of the proteins present in egg white pre- 
cipitate during this treatment regardless of the strength of acid used. The 
difference between the results here obtained and Jacobs results may lie in 
the different sources of coagulable proteins used. In order to determine 
whether the soluble proteins of animal skin behave similarly to egg white or 
to blood serum, a center corium split of salt cured hide was extracted for 24 
hours with 10 per cent NaCl and the resultant filtered extract was tested for 
solubility in HCI at 85°C. after 1 hour. The results of this test are shown 
in Table I and indicate that the coagulable proteins in skin resemble egg white 
proteins and, therefore, the method recommended by Jacobs for removing 
coagulable proteins from skin does not produce the desired result. 
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TABLE 1 
Effect of Various Conc. of HCl on Coagulable Proteins in Animal Skin (85°C. for 1 hour) 


% Coagulated by 
% % HCl of % Coagulated 
Treatment Coagulated in Solution by CCl;COOH 





3%CC1;COOH at 25°C. 60.0 40. 
Water at 85° C. 4.7 95.: 
).007 N HCl at 85° C. 18.8 81. 
.034 N HCl at 85° C. 28.0 72. 
.067 N HCl at 85° C. 29.0 71. 
.34 N HCl at 85° C. 29.5 
.67 N HCl at 85° C. 38.6 





Separation of Coagulable Proteins from Skin 


Since the coagulable proteins could not be solubilized from skin by acid 
hydrolysis, it was decided to try the method of salt extraction recommended 
by Kritzinger?. To test this method, it was necessary to prove both its 
selectivity and efficiency. To accomplish this skin samples were extracted 
three successive times with 10 per cent NaCl solution and the solubilized N; 
in each extract measured. For the samples, salt cured steer hide pieces from 
which the hair had been shaved were split into 8 layers on a belt knife splitting 
machine and each layer was extracted as a separate sample. The results of 
this test are shown in Figure 4 in which the solubilization of nitrogen is 
plotted against the total hours extracted. Most of the extractable nitrogen 
was removed in the first 5 hours extraction which indicates that a good 
separation of coagulable proteins and non-protein N; from the other con- 
stituents of skin may be achieved by salt leaching. In the grain layers (1 and 
2) nitrogen was still being removed in measurable quantities even after 120 
hours of extraction and this we believe to be the result of the slow solubiliza- 
tion of epidermal protein matter. Some support for this concept is to be found 
in the work of Buechler and Lollar!’ who demonstrated that unhairing 
could be brought about in a salt solution if sufficient time were allowed. 
On the basis of the results from Figure 4, a 24 hour extraction with 10 per 
cent NaCl solution has been chosen as the method for the removal of coagula- 
ble proteins and non-protein N, since at this point, over 95 per cent of the 
coagulable N, has been extracted and very little breakdown of epidermal 
protein has taken place. 


Acid Hydrolysis of Sample 

Of course, once the coagulable proteins are extracted, the collagen can be 
removed by acid hydrolysis, and the degree of breakdown of the gelatin 
formed is of no moment, since ail the solubilized nitrogen represents collagen 
which may then be determined by Kjeldahl analysis. The above statement 
is only true, however, if it can be demonstrated that no epidermal proteins 
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FIGURE 4.—Removal of Nitrogen from Various Layers of Animal Skin with 10% NaCl 
by Repeated Extraction (3 extractions—S hours, 39 hours, and 64 hours). 


or elastin are degraded in the acid hydrolysis, and the experimental evidence 
for this will be presented later in this paper. Since it is not necessary to con- 
trol the hydrolysis as carefully after the coagulable proteins are removed, 
but only necessary to insure that all the collagen is solubilized, it was 
decided to modify Jacob’s hydrolysis method slightly for convenience. 
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Instead of maintaining samples at 85°C. for 1 hour, we employed a reflux 
system and kept the samples at the boil. Various variables were determined 
such as HCI concentration, ratio of protein to liquor, and time of boiling on a 
purified collagen powder and on calfskin which had been extracted with 
NcCl. The data from these tests are shown in Tables II and III, and indicate 
that 15 minutes boiling in 0.05 N HCl (in presence of 5 per cent NecCl) is 
sufficient to solubilize all the collagen in samples containing up to 0.5 gms. 
of collagen per 100 ml. of liquor. This hydrolysis technique was, therefore, 
adopted as part of the method. 


TABLE II 


Hydrolysis of Native Collagen and Calfskin with Various Concentration of HCI 
(.200 gm. sample; 5% NaCl; refluxed 15 minutes) 
Native Collagen Calfskin 
Conc. % % % % 
HCl Soluble Insoluble Soluble Insoluble 


0.005 96. : 12.0 24.5 
0.025 97. ; 76.0 24.0 
0.050 98. ‘ 76.5 23.5 
0.074 98. ‘ 76.5 23.5 
0.122 98. ; 76.5 23.5 


0.244 98. j 77.0 23.0 
0.482 98. ; 21.5 


TABLE III 


Hydrolysis of Native Collagen and Calfskin with Varying Weight of Sample 
(100 ml. of 0.05 N HCl containing 5% NaCl, refluxed 15 min.) 
Wet. Native Collagen Calfskin 
Sample % % % % 
gms. Soluble Insoluble Soluble Insoluble 


0.05 99.1 0.9 
0.100 99 .2 0.8 
0.200 98.9 An 
0.400 99.0 1.0 
0.600 99.0 1.0 
0.800 98.1 1.9 
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In order to determine the degree of breakdown of epidermal proteins and 
elastin during this acid hydrolysis, a sample of the ground calfskin powder 
* was subected to successive extractions with 0.05 N HCl at reflux. The results 
for this test are shown in Figure 5 and indicate that the rate 0° solubilization 
of proteins other than collagen is very slow, and, therefore, the 15 minute 
hydrolysis method is feasible for the separation of collagen from animal 
skin after the coagulable proteins have been removed. 





LEATHER CHEMISTS ASSOCIATION 


—_—_—_—_—¥—¥—_——S—S—SX—SX—ScoOo 


SOLUBLE N2 


INSOLUBLE Naz 


am 
fi 
8 
m 
B 
Z 
od 
= 
5 
fb 
fy 
Oo 
Zz 
mR 


20 30 40 
TOTAL MINUTES EXTRACTED 


FIGURE 5.—Hydrolysis of Ground Calfskin Powder in HCI After Removal of Coagulable 
Proteins and Non Protein Nitrogen by 10% NaCl Extraction. (Hydrolysis 
at Reflux in 0.05 N HCl + 5% NaCl Solution). 


Chemical Reactivity of Hair, Epidermal Protein and Elastin 


To develop a method for the separation of the three remaining proteins— 
hair, epidermis, and elastin—it was necessary to first prepare each protein 
in a relatively pure form in order to test for selective solubility of each in 
various reagents. Hair was prepared by shearing the long hair from salt 
cured hide (being careful not to carry along any epidermal tissue), washing 
with water and finally dehydrating. Epidermal tissue was prepared by soak- 
ing a salt cured skin in water for 5 days at which time the hair could be pulled 
from the skin along with patches of the epidermis. The epidermis was then 
separated from the hair by beating in a Waring blendor (which cut the , 
epidermal matter away from the hair roots without seeming to effect the 
hair) and filtering the hair off in a strainer. The resultant epidemal tisues 
was filtered and dehydrated. Elastin was prepared by taking a grain split 
from a salt cured skin, shearing the hair off and extracting for 3 days with a 
sharp lime (5 per cent NaS), scudding several times, and finally removing 
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the collagen by a 30 minute treatment with 0.05 N HCI at the boil followed 
by dehydration. 

These three protein products were then tested with various reagents to 
determine their solubility. A study was made of the solubility of each with 
increasing time in HCl at reflux and the results shown in Figure 6 indicate 
that no clear cut separation of any of the three can be brought about by acid 
hydrolysis. The effect of various enzymes on each was then tested and again 
the results (shown in Table IV) indicated that a separation by enzyme 
methods is not possible. 


TABLE IV 


Solubilization of Various Protein Constituents of Animal Skin by 
Different Enzymes 
(0.02 gms. of U.S.P. enzyme, 100 ml. buffer, 95° F., 18 hours) 


Per cent Protein Solubilized 
Collagen air Epidermis Elastin 
Enzyme Buffer (.200 gm) (.100 gm) (.05 gm.) (.05 gm.) 


None NaHCO; ; ; 4 G 9.9 
Pancreatin “4p 14. ; , 92.0 


Papain ‘ 7 ; 42.7 
Trypsin ~ 14. : : 77.0 


None HCl-NaC ‘ 15.6 ‘ ‘ 4. 
Pepsin ° ™ 3 37.1 ; 3. 62. 


4 
0 





Preliminary tests with various alkalies indicated that sodium sulfide might 
be used to obtain a separation of elastin from epidermis and hair. To further 
test this possibility grain layer pieces from salt cured stock were successively 
extracted with 2.5 per cent NaS solution. The hair had been removed from 
these samples in one case by shearing with electric hair clippers and in the 
other case by first shearing the hair and then shaving to effect as complete a 
removal of the hair from the surface of the skin as possible. The samples 
were subjected to sulfide extraction both before and after removal of the 
collagen by acid hydrolysis. The results for these tests are shown in Figure 7 
and indicate that the separation of epidermal matter from elastin is best 
accomplished by first shearing and shaving the hair, and then removing the 
collagen before extracting with 2.5 per cent Na,S solution. Since the removal 
of epidermal matter by sulfide hydrolysis at room temperature required about 
24 hours, it was decided to try to shorten the time by increasing the tempera- 
ture of the extraction. Shaved grain layer pieces from which the collagen 
was removed by acid hydrolysis were successively extracted with 2.5 per cent 
Na.S solution under reflux. The results are shown in Figure 8 and indicate 
that the majority of the epidermal matter is removed in the first 10 minutes 
extraction, but that considerable elastin is also dissolved in this treatment. 
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FIGURE 6.—Hydrolysis of Various Protein Constituents of Animal Skin by 0.05 N HCl 
+ 5% NaCl Solution at Reflux. 


The amount of elastin dissolved may be estimated by calculating the rate of 
solubilization for each extraction period and extrapolating the horizontal 
portion of this curve back to zero time. This has been done in Figure 9 and 
from these data it is evident that in a 15 minute Na,Se xtraction at the boil 
about 15 per cent of the elastin is dissolved (about 1 per cent per minute). 
Therefore, a rough correction may be added to the elastin result and sub- 
tracted from the epidermal protein result. 


Complete Method of Analysis 


The final method adopted for the separation of various skin proteins is 
shown in Figure 10. The coagulable and non-protein nitrogen faction may 
be further separated if desired by precipitating the coagulable proteins with 
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FIGURE 7.—Removal of Collagen and Epidermal Nitrogen from the Grain Layer of 
Animal Skin by Various Techniques. (Collagen Solubilized by 0.05 N 
HCl - 5% NaCl at reflux; Epidermis and Short Hair Solubilized by 
2.5% HasS at Room Temperature). 


3 per cent trichloracetic acid, and the volatile ammonia may be also separated 
from this fraction by vacuum distillation from lime. 


Errors of the Method 


There are several errors inherent in this method and to prevent a misin- 
terpretation of the scope of this technique, these errors are enumerated below. 
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FIGURE 8,—Hydrolyisis of Shaved Grain Layer of Animal Skin by 2.5% Na.S at Reflux 
After Removal of Collagen by Acid Hydrolysis. 


(1) Shearing and Shaving the Hair—this technique removes the long 
hair from the skin and also removes some epidermis. Since the amount of 
epidermis removed with the hair is usually quite small, if care is exercised 
in the shaving, this error can be considered as relatively unimportant. 


(2) Ten per cent NaCl Extraction—a small amount (usually less than 5 
per cent) of the coagulable proteins are left in the skin after this treatment, 
and since the coagulable proteins represent only a small fraction (2-3 per 
cent) of animal skin, the error introduced is very small. 
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FIGURE 9.—Rate of Solubilization of the Grain Layer of Animal Skin by 2.5% Na,S 
at Reflux after Removal of Collagen by Acid Hydrolysis. 


(3) Acid Hydrolysis—,-a very small fraction (less than 0.5 per cent) of the 
collagen may remain undissolved after the acid hydrolysis, and this material 
would later be dissolved in the Na.S treatment and thus would appear as 
epidermal protein. Since the proportion of collagen in whole skin .is large 
(greater than 90 per cent) and the relative amount of epidermal protein is 
small, the error in the epidermal protein value might be considerable. This 
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FIGURE 10.—Flow Sheet for the Separation of Various Protein Constituents of Animal 
Skin Including Long Hair, Collagen, Coagulable Proteins and Non 
Protein Nz, Epidermis and Short Hair, and Elastin. 


error is partially cancelled, however, by the solubilization of part of the 
epidermal material during the acid hydrolysis (about 10 per cent). of the 
epidermis and elastin dissolve in the 15 minute HCI treatment). By careful 
control of the acid hydrolysis, this error can be kept fairly constant and, 
therefore, reproducible if not accurate results can be obtained. 
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(4) NaS Hydrolysis—in this treatment, about 15 per cent of the elastin 
is dissolved, and so by adding 15 per cent to the elastin value and subtracting 
an equivalent amount from the epidermal value a fairly close approximation 
to the true values can be obtained. 


(5) In the above method, several different protein constituents have not 
been isolated or determined including reticulin and mucoids and no data were 
taken to determine which of the various fractions these materials would 
appear in. However, since these materials are present in small amounts, the 
error introduced probably is small. 


Considering the data above concerning the possible and probable errors 
in the method, it would appear that the accuracy of the method is as follows: 
collagen + 1 per cent, coagulable proteins and non-protein nitrogen + 5 


per cent, epidermal protein and short hair + 10 per cent and elastin + 10 
per cent. 


SUMMARY 


1. A method has been developed and tested quantitatively for the separa- 
tion of animal skin into various protein fractions: long hair, coagulable 
proteins, non-protein nitrogen, collagen, epidermal proteins and short hair 
(the hair beneath the skin surface), and elastin. The method consists of the 
selective removal of the various fractions from skin by means of various 


chemical reagents. The errors inherent in the method have been noted and 
evaluated where possible. 


2. A simple method has been developed for the separation of coagulable 
proteins gelatin and non-protein nitrogen from solutions. The method con- 
sists of the selective precipitation of the coagulable proteins with trichlora- 


cetic acid and then the gelatin with tannic acid leaving the non-protein 
nitrogen in solution. 


3. The chemical reactivity of various purified protein fractions of animal 
skin has been investigated including hydrolysis by acids, bases, and enzymes. 


4. The method for the separation of the protein constituents of animal 
skin may be used for the determination of the changes taking place in the 


skin during the various processes in the tannery including curing, soaking, 
liming and bating. 
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Some Fundamental Studies on the Analysis of Chrome 
Tanning Liquors by Means of Ion-Exchange Resins 


I. The Reactions between Oxalato-chromiates and Anion Exchange Resins 


By Y. Inouye and A. KAwamMuRA 


Biochemical Laboratory 
Department of Agriculture 
Kyoto University 
Kyoto 
and 
Tokyo University of Agriculture and Technology 
Tokyo, Japan 
The influence of neutral salts on chrome tanning is an important factor in 
the leather industry, and a number of papers on this problem have been 
published. As chrome tanning is performed by the action of chrome complexes 
produced in the reduced solution, the effects of neutral salts may be due 
chiefly to their masking action and the change in the distribution of the 
ionic charges of the chrome complexes. These additions greatly influence 
not only the quantity of chrome fixed and the shrinkage temperature of the 
leather thus produced !, 2, but also its softness and smoothness. For example, 
in a two-bath leather which is characterized by its softness, the presence of 
anionic chrome has been suggested *, and the behavior of two-bath leather 
towards dyes‘ can be explained by this assumption. Complexes which have 
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various structures and charges may also be present in the one-bath liquor, 
and consequently it is necessary for a practical chrome tanner to know the 
exact distribution of ionic charges of the chrome complexes and to study 
their influences on hide, besides the effects of basicity which is now employed 
as the standard for chrome tanning. 

Moreover this may be an essential factor also with respect to the aging 
effect in ordinary chrome liquor. Of various methods of investigating the 
ionic distribution of the complexes in a chrome solution, one of the modern 
methods employed by many investigators is the method using ion exchange 
resins. The similar method using permutit, an inorganic exchanger, was 
first applied by Gustavson in 1924 to a chrome complex analysis*. Since 
then, Gustavson *, 7, Adams’, Theis, Thorstensen, Serfass®, 1°, Tolliday, 
Thompson, Forman !! and others have applied the organic exchanger method 
in their studies of chrome complexes. In spite of the apparent simplicity 
of the procedure, the results obtained are shown to be unexpectedly compli- 
cated, especially in the case of anionic resin. 

Serfass and Theis reported that the use of anionic resin in the analysis of 
chrome gave such complicated results that the values were too inconsistent for 
publication ! °, 


One of the reasons for these complications probably comes from a lack of 


fundamental study of the reaction between pure chrome complexes and 
ion-exchange resin. In most cases hitherto, practical analyses have been 
carried out with no necessary consideration of the fundamental reactions. 
For practical analysis, there are the equilibrium, column and batchwise 


methods !2 and in any of these methods the following five factors need more 
study: 


1. The stability of the chrome complex by itself and on a resin surface. 


2. The codrdinative combination between chrome complex and exchange- 
able groups in the resin. 


3. The relation between the size of molecule of chrome complex and the 
porosity of the resin. 


4. The adsorption of complex by resin. 


5. The difference of the exchange potential of chrome complex and other 
ions to ionic resin. 


In the column method, the effects of flow rate of chrome liquor, the size of 
resin particles and the packing of resin in the column require further study. 
None of these factors can be neglected, because the results of analysis are 
greatly influenced by these factors. 

Reviewing some past literature the first problem (stability of chrome 
complexes) has been treated most frequently and those who have employed 
ion exchange resin in the analysis of the complex have almost always referred 
to this problem. In the case of CrCl, the difficulty of applying the column 
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method is due to the ready shift of chloro-groups in the complex into chlor- 
ide-ion *, 8; ratios of cationic and anionic chrome complex show a wide 
range of variation according to the experimental conditions. It has been also 
recognized that some cationic complexes containing anionic ligands gradually 
decompose on resin surface after combination with the resin!?, and that 
even the rather stable complexes, e. g., cationic chromium sulfate, [Co(NH;), 
(No:):]+ and [Co(NH;),Cl]++, are decomposed on the resin surface when 
they are kept in water; this is explained from Donnan’s theory'!*. Adams 
described a case where the sum of absorbed chrome on both cationic and 
anionic resins was over 100% when a chrome solution was passed through 
them separately *. He suggested that the phenonmenon is caused by a shift 
of equilibrium due to chrome being removed by the resin, and not to the com- 
bination of anionic Cr complex with cationic resin or that of cationic Cr 
with anionic resin 8. 

Greater differences were found when the solutions were passed in two 


successions, that is, cationic resin followed by anionic resin, and anionic 
resin followed by cationic resin ®. 


On the second problem (uptake by exchange groups) Gustavson recognized 
that the exchangeable groups (-SO;H) of cationic resin penetrate into the 
Cr complex and coérdinate with the latter!‘, the codrdinating effect being 


markedly accentuated when a part of cationic resin of carboxylic type is 
in the form of its sodium salt!5. The present authors also recognized that 
hexaquo-chromi-sulfate (cationic chrome) was partially fixed by Amberlite 
IR-4B (anionic resin) and on the contrary, K Dioxalato-chromiate (anionic 
chrome complex) was also partially fixed by cationic resin (IR-120, etc.) ! 6 


The conclusions reached may not be valid, when chrome complex is not 
decomposed or not codrdinated to resin, unless consideration is given to the 
third problem, the size of molecule. Complex ions are much larger than 
common ions. Cationic complexes having a few anionic groups in the complex 
are associated one with another, and they may exist in the colloidal state, 
especially at higher pH values. Therefore, as Gustavson pointed out, there 
are cases in which the Cr complexes mentioned above do not penetrate well 
into the internal miceller spaces of common resins of smaller porosities! 7. 
For example, Samuelson noticed that anions of lignosuulfonate did not react 
with anionic resin because the molecules are too large to penetrate into the 
internal spaces of the resin!’. Richardson also reported that the anions of 
dyestuffs, 10A in diameter, exchanged nearly completely (94 per cent) 
with anionic resin, whereas those of 30 A diameter were exchanged almost 
not at all (below 1 per cent) ! 9. 

Serfass and others examined the size of chrome complexes by the diffusion 
method !°, and Gustavson prepared sulfonated polystryrene resins with dif- 


ferent porosities by altering the quantities of divinyl benzene and examined 
the reaction of chrome complexes with them 2°. 
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Even though the first, second and third problems mentioned above were 
solved, yet the fourth and fifth problems remain unsolved. As for the fourth 
problem, complexes show a phenomenon of adsorption to resin in general, 
independent of the existence of a charge, especially in a high molecular 
colloidal state. Schubert and Richter, and Ayres recognized this phenomenon 
when aggregated complexes react with ion exchange resins?!, 22. So, we 
consider that the analysis of chrome liquors by resin may involve a large 
error at pH values above a certain limit, though this phenomenon has hardly 
been explained. Anyhow it is very important to study this problem, since 
the colloidal properties of chrome liquors are an essential factor for tanning. 


In the next place, we consider the fifth problem. The relation between 
simple ions and resin, in terms of the exchange potentials of ions to exchanger, 
has been studied to a considerable extent, but hardly any reports on the 
same relation of complex ions to resin are available. In earlier work only 
the hydrogen, or acid form of Cationic resin was used for these analyses but 
subsequently Gustavson found that the sodium, or salt form was superior for 
the analysis of ordinary reduced chrome liquor?3, 24, since the hydrogen 
form showed much larger values for cationic chrome than did the sodium form, 
which he explained in the assumption that the SO;H group of resin is fixed to 
non-cationic chrome by hydrogen bond '. 

Samuelson has pointed out the following three reasons for preferring the 
sodium cycle to the hydrogen cycle in cationic resin analysis'?: (i) adsorption 
of non-cationic chrome by the cationic resin is more pronounced in the acid 
cycle. (ii) the acid produced by exchanging of neutral salt in chrome liquor 
may convert non-cationic chrome to the cationic form and thus produces 
error of the analysis. (iii) the adsorption of weak acids by the cation exchanger 
may cause considerable error when working with resins in the free acid form. 
In the anionic chrome analysis, Adams also used ionic resin Amberlite IR-4 
in chloride form ® to prevent precipitation of Cr(OH);, possibly due to the 
basicity of anionic resin (OH-form). The reason why the chloride form was 
selected was based on the study by Sussman, Nachod and others? of the 
withdrawal of chrome ion in waste plating solutions. 


As far as the present authors know there has been no report that treats 
the fundamental relations between pure chrome complexes and resins, and 
such pure complexes have been neglected by investigators who attempted to 
analyze chrome tanning liquors. Assuming that these pure complex ions are 
completely stable, it should be possible to measure the dimensions of affinities 
or dimensions of exchange potentials between these ions and resin. Deter- 


mination of the sort of salt most suitable for complex ion to be exchanged is 
now needed. 


We have studied these exchange capacities of anionic exchangers (Amberlite 
IR-4B and IRA-400) to pure and rather stable anionic complexes (K-Dioxalato- 
chromiate and K-Trioxalato-chromiate) and have found that the capacities 
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of resins are different according to the sort of acid used when converting 
them to salts, and the use of HCl is not always most effective. 


The present paper describes the results of experiments concerning these 
exchange capacities. 


EXPERIMENTAL 


Materials: K-Dioxalato- and K-Trioxalato-chromiate (abbreviated K-Diox- 
Cr and K-Triox-Cr, respectively) were used as anionic chrome-compounds 
for the experiments. K-Dioxalato-chromiate, K [Cr(C,O,),. (H,O),] . 3H.O, 
was synthesized by Werner’s method ?¢ and was washed first with a small 
amount of water, then with ethanol, and finally with ether. The sample 
thus prepared consists of reddish-violet crystals; the Ammonia reaction gave 
a brown color. It is hardly soluble in cold water. Its solubility increases by 
boiling the solution showing dichroism. This fact shows that the crystal 
may be the trans-form. To confirm the composition of the sample, the oxa- 
lato-group was determined by the oxidation method with cerium sulfate 


(1.0 per cent Cr,O; solution) and the ratio of the oxalato-group to the chrome 
thus found was 1.98 : 1.00. 


In preparing solutions, the crystals are boiled in water, and consequently 
it is assumed that a considerable part of the compound is converted to the 
cis-form. In 1.0 per cent (Cr,O;) aqueous solution, the pH by glass electrode 
was 3.75. The maximum absorptions are at 412-418 my and 562-568 mu. 
These facts show thatt his sample is suitable for the purpose of the experiment. 

(2) K-Trioxalato-chromiate, K,; [Cr(C,O,);] . 3H.O, was synthesized by 
Lapraik’s method 27, recrystallized from water, then washed with ethanol, 
and finally with ether. The sample thus obtained consists of greenish, deep 
blue crystals; its solution shows dichroism and its properties are not changed 
by boiling. In 1.0 per cent (Cr,O;) aqueous solution, the oxalato-groups 
were determined and the results showed Cr : C,O, = 1.00 : 3.01. This ma- 
terial gave pH 5.50 in 0.1 per cent Cr.O; aqueous solution and the maximum 
absorptions are located at 570 my and 420 my. These facts show that this 
sample is also suitable for the purpose of the experiments. 


The exchange abilities of the various salt form resins to the chrome complexes. 


An aqeous solution containing 0.1 per cent (Cr:O;) of anionic chromiate 
was passed through the resin which had been previously treated with various 
acids, and the quantity of Cr,O; in the effluent was determined. 5.0 g. 
portions of basic type Amberlite IR-4B and IRA-400 were soaked in 5 
per cent aqueous solutions of HCl, H.SO,, HNO,, H; PO,, CH;COOH, and 
(COOH), respectively for five hours, and then filled into resin columns, 
8.0 mm. in diameter and 100.0 mm. in length. The bottom of the columns 
was filled with glass wool. The column was washed with distilled water at 
the rate of 1.2-1.5 ml. per minute until the effluent was almost neutral to 
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methyl red. The volume of water needed was about 1.2 liter. The apparatus 
thus prepared was used within 15 hours after preparation. 0.1 per cent 
oxalato-chromiate solution was passed through the column in 20 ml. incre- 
ments at the rate above mentioned, and the column was washed every time 
with distilled water, and the quantities of Cr,O; of each effluent was deter- 
mined, and calculated as percentages of the total chrome given. At the point 
where the amount of chrome in the effluent showed a marked increase, the 
ratio of oxalato-groups to chrome was determined as previously described. 
Prior to the above experiments, an oxalato-group determination was carried 
out in the presence of chrome and acetic acid, and it was found that these 
do not interfere with the analysis. The results of these experiments are shown 


in Tables I, II, III, and IV. 


TABLE I 
Quantities of Cr,O; in the effluents from various salt forms IR-4B when 
K-Diox-Cr solution was passed 
(All figures in this and succeeding tables, are percentages of the Cr given that were bound 
in the effluents) 
Anionic Cr passed ml. ut 
Form of IR-4B % 80 100 120 C,0,/Cr 


Chloride-form .62 77 ae. SESS OS ee 1 
7 


Sulfate-form .62 .89 ae 3.22 26.68: se : 
Phosphate-form 62 .56 ot. 19.04) M48 3287" 
Nitrate-form ian | .85 9.42 8.95 10.48* 
Acetate-form .00 .00 .00 0.00 0.00 0 .00(a) 
Oxalate-form 12.41 13.07 aS 2.30 | 2 Re 

Conc. of original solution 0.094% (Cr2O3) 





*Indicating the point of calculation (C2O,4/Cr) 


a No Chrome is found in the effluent up to 220 ml., but 6.04 mg. CreOx3 in it from 220 to 250 ml. (effluent- 
Cr/total-Cr = 2.54%) CgO,4/Cr was calculated in this point. 


TABLE II 


Quantities of Cr.O; in the effluents from various salt forms IR-4B when 
K-Triox-Cr solution was passed 


Anionic Cr passed ml. 


No. FormofIR-4B  — (20 40 60 80 

Chloride-form 0.00 0.00 0.00 0.00 
Sulfate-form 0.00 0.11 6.02 14.33 
Phosphate-form 0.00 2.38 3.63 12.08 
Nitrate-form 0.00 2.03 ye 4.22 
Acetate-form 0.00 0.00 0.00 0.00 
Oxalate-form 4.06 22.89 28.06 36.77 


Conc. of original solution 0.125% (Cr2O3) 


Aur wre 


*Indicating the points of calculations (C2O,4/Cr).; 


(a)No chrome is found in the effluent up to 140 ml. but 6.78 mg. CreO3 was found from 140 to 160 ml. 
(effluent-Cr/total-Cr=4.13% C,O,4/Cr was calculated in this point. 
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TABLE III 
Quantities of Cr,O; in the effluents from various salt forms IRA-400 when 
K-Diox-Cr solution was passed 


Anionic Cr passed ml. 


Form of IRA-400. 40 80 120 C,0,/Cr 


Zz 


tN 


Chloride-form 
Sulfate-form 
Phosphate-form 
Nitrate-form 
Acetate-form 
Oxalate-form 11. 


9.82 ; 13.94 >. 17 .78* .00 
7.06 ‘ 8.29 } 12 .23* .90 
3. 
a 


On 
o 


97 : 6.60 ; 9.44* .95 
39 -4 21.29 ‘ — .88 
1.23 on 4.46 : 10.81* .09 
11.35 12.29 14.38 3.< 24.34 —— 


Conc. of original solution 0.116% (Cr2Os;) 2.06 


mwas 


man w 


1 


aoe wre 
oe) 
— 


*Indicating the points of calculation (C2O,4/Cr) 


TABLE IV 


Quantities of Cr,O; in the effluents from various salt forms IRA-400 
K-Triox-Cr solution was passed 


Anionic Cr passed ml. 


~ Formof IRA-400. 20 40 C20,/Cr 


Chloride-form 0.00 0.00 1 2.93 
Sulfate-form 0.00 0.00 0.00 3. j y 2.82 
Phosphate-form 0.00 0.00 0.00 2. od ‘ 2.84 
Nitrate-form 0.00 0.00 0.00 1 2.93 
Acetate-form 0.00 0.00 0.00 3 3.08 
Oxalate-form 0.00 0.00 0.00 3 


Conc. of original solution 0.121% (Cr.03) 3.05 


*Indicating the points of calculation (C,O,4/Cr) 


As IR-4B is of an orange color and IRA-400 is pale yellow, the chrome- 
combined part of resin column changes its color to dark bluish green, and so 
we can easily see the degree of its saturation. In the above experiment, 
after 120 ml. of the solution have been passed, only about half of the resin 
is changed to dark with IR-4B and about three fourths with IRA-400, so 
it cannot be said that the leakage of chrome that occurs is due to the satura- 
tion of the resin with chrome. 


As shown by comparing Tables I and II, or Tables III and IV, there are 
differences in exchanging capacity between resin IR-4B and IRA-400 with 
the sort of acid used to convert them to salt form. The most potent exchange 
takes place when either resin is used in an acetate form. But the acid radicals 
combined to the above resins may not always be equal in quantity. IR-4B 
was made to a state in which it contained almost the same equivalent quan- 


tity of acid (1.10 x 10~? eq./ 1.0 g. resin), using HCl, H.SO,, and CH;,COOH. 
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5.0cc. of 0.1 per cent (Cr,O;) oxalato-chromiate was passed through 3.0 g. 
of the resins. The results obtained are shown in the Table V. 


TABLE V 


Quantities of Cr,O,; in the effluents from salt forms of IR-4B containing 
equivalent amount of acid radicals. 


Form of IR-4B Chloride-form Sulfate-form Acetate-form 


Kinds of anionic Cr passed Cre03% C,04/Cr CrgO3 C,0,/Cr CreO3% C_,04/Cr 


K-Diox-Cr 8.92 2.02 22.32 1.82 0.00 — 
K-Triox-Cr 0.00 — 7.02 2.98 0.00 


These results show almost the same tendency as those in Tables I and II. 
Other experiments were carried out on IR-4B acetate, in which HCl, H.SO,, 
or Na,SO, were added to 50 ml. of 0.1 per cent of anionic chromiate. When 
these liquors were passed through the resin no chrome was found in the 
effuent. The exchanging ability of IR-4B acetate to oxalato-chromiates is 
thus not hindered by the presence of a small quantity of sulfate or chloride 
ions in the solution. The values in the above table may involve errors due to 
variations in the way of filling the column with resin, presence of a few 
bubbles among the resin particles, and to variations in the rate of flow of 
chrome liquor. But, as the above experiments were carried out under the 


same conditions, these errors are believed to be negligible and the following 
facts are recognized: 


(i) The exchanging abilities of the salt form resins for Cr-complexes differ 
according to content of anions in the complexes. With both IR-4B and IRA- 
400, the exchanging capacity toward Triox-Cr for any particular acid used 
to make the salt form of the resin was superior to the exchange capacity 
towards Di-oxala-Cr. As shown in tables I and II, when 60 ml. of Di-ox-Cr 
is passed, an average leakage of about 12 per cent can be seen with IR-4B, 
and about 9 per cent with IRA-400. But with Tri-ox-Cr no leakage occurs 
with A-400 and only 6 per cent with 4B. However, there was one exception. 
The oxalic acid salt of IR-4B showed much more leakage with Tri-ox-Cr 
than with Di-ox-Cr. 


(ti) The exchanging abilities of Cr-complexes differ according to the kind 
of resin and acid radical which convert the resins to the salt forms. In the 
case of chromiate, there is a tendency that much more chrome is obtained 
in the effluent, when the salt form IR-4B (weak base type resin) of a high 
valency acid is used than when a monovalent acid is used. But, with IRA-400, 
a strongly basic type resin, there is no such a tendency. Moreover, in the 
experiments with both IR-4B and IRA-400, these chrome leakage increase in 
spite of almost constant ratio of C,O,/Cr when compared with the original 
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solution. It seems therefore, that the chief cause of the chrome leakage 
depends upon the lower exchanging ability of the resin salt and that the 


decomposition of the complexes may be very small, if it occurs on the resin 
surface. 


(iii) The acetate form of IR-4B exhibits the most excellent exchanging 
ability for any chromiate, i. e., no chrome is found in the effluent up to 220 cc. 


with Di-ox-Cr, and 140 cc. with Tri-ox-Cr. 


With these quantities the whole resin column changes to dark in color, 
showing complete saturation. Moreover as the exchanging abilities of IR-4B 
aceate with the complexes are not hindered when a little sulfate or chloride 
ion is present, the cause of early chrome leakages in IR-4B sulfate, chloride 
etc., is not attributable to the supposition that these anions (Cl ‘, SO,’’, etc.) 
may act so as the decompose the chrome complexes. 


The influence of degree of washing. 


The salt form resins are liable to turn back gradually to OH- forms, if 
they are washed for a long time. In above experiments, every resin salt was 
washed until its efluent was almost neutral. The quantity of wash water 
needed to reach neutrality is not the same for every acid radical and sort of 
resin. For example, with IR-4B salts more wash water is needed than with 
IRA-400 salts, and among IR-4B salts, the sulfate, oxalate, and chloride 
salts needed much more water than the acetate. Therefore, it might be assum- 
ed that the differing exchanging abilities of these resins are rather due to the 
washing degree and the pH value of resin than the sort of acid group that 
converts the resin to the salt form. HCl, H:SO, and CH;COOH were select- 
ed as neutralizers of OH- form resin. The resin treated with these acids and 
washed to various extents, was used for experiments, and the chrome quan- 
tities in the effluents were determined. 


TABLE VI 


Quantities of Cr.,O; in the effluents from salt forms IR-4B and IRA-400 
when they were washed in various extents. 


Forms of Resins Chloride-form Sulfate-form Acetate-form OH-form 


Kinds of resinsand _K-Diox- K-Triox- K-Diox- K-Triox- K-Diox- K-Triox- K-Diox- K-Triox- 
their washing degree (ml.) Cr Cr Cr Cr Cr Cr Cr Cr 


7 0.00 0.00 47.20 85.40 
17 0.00 0.00 — 
.48 0.00 0.00 — 
82 0.00 0.00 —- 


amen” ae 


no washing 8.42 0.00 29.62 
100 9.36 0.00 23.95 
200 9.36 0.00 22.11 
800 10.58 0.00 20.26 
no washing 13.05 1.05 10.36 
100 13.08 0.98 10.89 
200 13.33 0.95 10.64 
800 12.91 0.48 10.78 


IR - 4B 


.10 
.26 
.76 


IRA - 400 
re 
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3.0 g. of IR-4B was soaked in 50 ml. HCl, H.SO,, or CH;COOH solution 
for five hours, filled in columns and washed with various quantities of water, 
and 50 ml. of 0.1 per cent Oxalato-chromiate solutions were passed through. 
The maximum quantity of water used was 800 ml./3.0 g. resin. Table VI 
shows the results. 

As table VI shows, the difference of exchanging ability is caused by the 
characteristic quality of the acid radical, and bears no relation to the degree 
of washing and pH value. And it is also apparent that the OH-form of IR-4B 
fixes about 50 per cent of chrome with Di-ox-Cr, and only 15 per cent with 
Tri-ox-Cr, but the OH form of IRA-400 fixes all the chrome with both 


chromiates. 


The problem of the individual differences between batches of resins and the 
effect of temperature on exchange capacity. 


As mentioned above, the most effective exchange occurs when the weakly 
basic resin IR-4B is converted to its acetate salt. In successive studies, it is 
found that the exchange abilities of individual batches of resin exhibit a 
little variation, so that the effluent obtained from IR-4B-acetate does not 
always show zero chrome. The experiments reported above were all carried 
out at room temperatures (26°C-30°C). Further experiments were made 
at constant temperatures (30°C.) in order to compare the individual exchang- 
ing abilities of three batches of IR-4B-acetates; these batches, A, B, and C, 
(C is especially made for analytical use) were purchased at different times. 


The results are as follows. (Table VII). 


TABLE VII 
Individual diiferences of chrome leages from acetate form IR-4B (at 30°C) 


Anionic Cr Passed ml. 
Kinds of anionic Cr and the 
resin samples used et. 4 100 140 180 CrgO,/Cr 


0.00 


Cr 


0.26 
0.59 


K-Diox- 


| 


0.00 
1.74 
1.32 


0 
2 
-. 


.00 
16 
89 


0.00 
4.85* 
2.78* 


1.97¢ 
2.03 
1.94 





A 0.00 
B 0.00 


Cr 


0.00 
0.00 


0.00 
trace 


0. 
3. 


3* 


5.13° 


3.03 
2.95 


| K-Triox- 


*Resin specially made for analytical purpose, *C,O,4/Cr was calculated in this point. 
tCeO,/Cr was calculated at the point after 220 ml. the liquor passed through the resin. 


Though these resins were manufactured by the same company and used 
under the same conditions, they show considerable differences in the exchange 
capacity of their acetate salts. In the resin C, specially made for analytical 
use, the chrome leakage is not always zero. 
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For analyses of complex ions, no special advantage could be found in resins 
of so-called analytical grade compared with common resins. 


TABLE VIII 


The influences of Salt forms of IR-4B and temperatures for exchange of the complexes 


Anionic Cr passed Bs Conc. of 
Temp. and kinds 20 C,0,/Cr Origin soln. 
Form of IR-4B of Anionic Cr as CreO3 


12.15 14.68* 
33,50: 35.55" 
9.21 9 .58° 
8.18 8.18* 
7.97 8.10* 


K-Diox-Cr 





Chloride-form 





3 
~ 
‘ 
“ 
2 
= 
Z 


Sulfate-form 


K-Triox-Cr 


2.32* 


10.18 

10.02 

8.85 

: ‘ 7.64 

50 ca ; 3. 3.66 


K-Diox-Cr 


Formate-form 


10 
30 : 
50 .00 


| K-Triox-Cr 


*Indicating the point of calculation (CrgO4/Cr) 
2.36 mg. CrgO3 is found in the effluent from 180 to 220 ml. (effluent-Cr/total-Cr=0.81%) . C2O4/Cr was 
calculated in this point. 


No chrome is found in effluent up to 220 ml. but 1.69 mg. CrgO3 was in it from 220 to 260 ml. (effluent- 
Cr/total-Cr=0.49%) . C9O,4/Cr was calculated in this point. 
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Therefore, it seems that the disagreement of the results in Table I may be 
based on the individual differences of resins themselves. 

So, the authors compared the exchanging abilities of the sample B of 
IR-4B (in Table VII) in acetate, chloride, sulfate, oxalate, malonate, formate, 
propionate and butylate forms, with both chromiates, at temperatures from 


10 to 50°C. The results obtained are shown in Table VIII. 


TABLE VIII (Continued) 


The influences of Salt forms of IR-4B and temperatures for exchange of the complexes 


Anionic Cr passed ml. Conc. of 
Temp. and kinds 20 180 


Form of IR-4B_ of Anionic Cr 


10 
20 
30 
40 
50 


Acetate-form 


a 
v 
“ 
= 
= 
= 
' 
“ 


Propionate-form 
-Triox-Cr K-Diox-Cr 


K-Diox-Cr 


Butyrate-form 


K-Triox-Cr | 


4.03 
1.92 
0.26 
0.00 
0.00 


0.00 
0.00 
0.00 
0.00 
0.00 


1.97 
1.80 
0.36 
0.00 
0.00 


0.00 
0.00 
0.00 


C,0,/Cr Origin soln. 
as CreO3 





5.69 
2.24 
1.46 
0.00 
0.00 


14.84* 
0.43 
trace 
trace 
0.00 


0.69 
0.00 
0.00 
0.00 
0.00 


7.46* 
4.92* 
4.85* 
4.82* 
4.24* 


01 
01 
.03 
01 
02 


16 
95 
95 
.98 
04 





3.94 
2.50 
0.76 
0.46 
0.06 


5.35 
2.91 
1.47 
0.81 
0.40 


0.00 
0.00 
0.00 


0.34 
0.00 
0.00 


a2. 
0. 


0 


62 


.00 


.94 
.94 
.03 
.94 
.O1 


.98 
.09 
.03 





1.51 
0.69 
0.42 
0.00 
0.00 


0.00 
0.00 
0.00 


0.00 
0.00 
0.00 


0.00 
0.00 
0.00 


5 .86* 


.24* 
.24* 
.48* 
.74* 


.07* 
or 
.00 


1.04* 


.03 
.03 


04 
95 


3.30 
.03 
04 


As shown above, the influence of temperature on complex ion exchange is 
remarkable. In every case, the leakage of chrome decreases and the individual 
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TABLE VIII (Continued) 


The influences of Salt forms of IR-4B and temperatures for exchange of the complexes 


Anionic Cr passed ml. 


cchindincaeannabaa an eee kane Conc. of 
Temp. and kinds 20 C,0,/Cr Origin soln. 
Form of IR-4B_ of Anionic Cr as CreO3 


13 38. 
20 a. 
30 18. 
40 6. 
52 3.3 





10 
20 
30 
40 
50 


Oxalate-form 


K-Triox-Cr 





10 
20 
30 
40 
50 


K-Diox-Cr 





10 — 
30 ; : — 
50 ana 


: 
g 
é 
& 
3 
a 
z 


K-Triox-Cr 


differences of the resins increase with the rise of temperature. The quantities 
of chrome leakages show great differences according to the kind of acid used 
to convert the resins to salt forms, irrespective to the kind of oxalato-chromi- 
ates. The chrome leakage decreases in the order: diabasic organic acid 
salts, sulfate, chloride, monobasic organic acid salts (fatty acid salts) 
of IR-4B. The former three 4B-salts show much greater leakages than 
those of fatty acids. There is an exceptional case in which the leakage of 
K-Tri-ox-Cr from 4B-chloride is about equal to that of 4B-acetate. And 
among fatty acid salts, acetate and propionate are the best. It is interesting 
that the dibasic acids give the worst results, in spite of the fact that they 
belong to the same organic acid group as fatty acids. 

From the data of the Table VIII, there is no recognizable variation in the 
ratio of Cr to C,Q, in the effluent, regardless to the kind of ion exchange 
resin-salts and exchanging temperatures. In other words, as the leakage of 
chrome decreases with the rise of temperature, the decomposition of the com- 


plexes (formation of cationic and uncharged chrome) on the resin surface 
cannot be considered. 
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The influence of temperature and concentration. 


As the concentration of a Cr liquor along with temperature is one of the 
important factors in the decomposition of a complex, we carried out the same 
experiments as above at various concentrations. 5 ml. of 1.0 per cent (Cr,O;) 
K-triox-Cr, or K-Diox-Cr, 50 ml. of 0.1 per cent (Cr,O;), and 500 ml. of 0.01 
per cent (Cr,O;) were passed through resin B (IR-4B acetate) to determine the 
effect of concentration with constant at 10°, 20°, 30°, 40°, and 50°C. total 
constent. The quantity of Cr in the respective effluents was determined 
and the results obtained are in Table IX. 


TABLE IX 


Quantities of Cr-leakages (Cr,O;) from acetate form IR-4B in relation to tempera- 
ture and the concentration of Cr-liqour 


Kinds of Temperature C° 

anionc-Cr concn. & quantity of liq. passed 10 20 
1.0% (5ml.) 

0.1% (50ml.) 

0.01% (500ml.) 


K-Diox- 
Cr 


1.0% (5ml.) 
0.1% (50ml.) 
0.01% (500ml.) 


K-Triox- 
Cr 





As shown above, with K-Triox-Cr, concentration and temperature had no 
influence , but with K-Diox-Cr, the Cr leakage increased with the dilution, 
but decreased with rise of temperature. These facts also indicate that there 
is no decomposition of the complexes. 


The influences of the porosities of resins 


Even if the leakage of chrome does not occur by the decompositions of 
the complexes, it may be somewhat dangerous to assert that the leakage is 
only caused by failure of the Cr complex to displace the anion present in the 
resin, because problems 2, 3, and 4, which were mentioned in the introduction 
still remain unsolved. Problems 2 (coordinative combinations) and 4 (ad- 
dorption) may be of increasing importance when cationic chrome passes 
through an anionic exchanger or anionic through a cationic exchanger. So, 
it may be considered that these problems now lie beyond the limit of this 
report. Lastly problem 3 (effect of porosity) by all means requires study. 
The salt-form resins have various degrees of swelling according to the acids 
which convert them to salts. For example, the same weight of acetate-form 
IR-4B is much more swollen than the OH-form. One view might be that the 
less exchangeable salt-form resins are so slightly swelled that the ions of 
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chrome-complexes hardly penetrate into their internal micelle spaces, a 
large quantity of chrome then being found in the effluent. Samuelson ?5 
applied a technique of anionic exchanger for the study of polymetaphosphate 
(Graham’s salt), and recognized that the capillary structure of the exchanger 
was so narrow that the phosphate was hardly adsorbed by it. Deuel and 
Solms passed pectic acid and its enzymatic degradive products through 
IR-4B-OH and they recognized that the fixation by the resin increased with 
the progress of enzymatic hydrolysis?*. This phenomenon is related to the 
molecular sizes of the above compounds. As the complex ion possesses 
larger molecules than common ions, it is appropriate to consider whether the 
differences of the chrome leakages in various salts of resin are due to the 
difference of their porosities. 

The detailed measurement of the porosity of cationic resin (polystyrene 
sulfonate) has been carried out by Pepper and others, *® and by Gregor and 
others*!. The following brief experiment was conducted here. 3.0 g. 
portions of IR-4B, non-washed, having the same water content, were soaked 
in aqeuous solutions containing respectively 5.0 per cent of CH; COOH, 
HCl, H.SO,, and (COOH),, for five hours and used for the experiment. 
Another group of samples of washed resin was treated in the same way and 
washed until neutral to methyl red. Each 3.0 g. of resin of these two groups 
was covered with water, in a 10 ml. measuring cylinder. After three minutes, 
we compared the swollen volume with the same quantity of free-form IR-4B 
in water. Table X shows the results. 


TABLE X 


The relations between the quantities of Cr-leakages and the swollen states of 
IR-4B when 50 ml. of 0.1% (Cr,0O;) K-Diox-Cr was passed through the resin. 


__Comparative swollen volume* _ Quantities of Cr-leakages 


Forms of IR-4B no washing after washing (CreO3 %) 
(acidic state) with SO ml. of water after washing 
Acetate-form .78 1.60 0.00 
Chloride-form ‘ 1.50 2.31 
Sulfate-form ; 1.64 12.04 
Oxalate-form .36 1.36 


*Same weight of OH- form resin taken as 1.00. 


From above table, there are small differences of swelling of resins treated 
with different acids, but there is almost no relation between the quantity 
of chrome leaked and the volume of swollen resin. 


SUMMARY AND CONCLUSION 


Anionic resins, Amberlite IR-4B and IRA-400, were converted to the salt 
forms with various acids, and two sorts of K-oxalato-chromiate, relatively 
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stable complexes, were passed through them. The most effective exchange 
is shown when the weakly basic resin IR-4B is converted to monobasic fatty 
acid salts especially to acetate or propionate. It is confirmed that the ex- 
change ability of the salt-form resin to the complex ion varies with the sort 
of acid used to make the resin salt. Moreover, the following factors have been 
shown to influence chrome leakage in ionic resin analysis. 


(1) The quantities of acid radicals combined in the complexes. 
(2) Temperature during exchange. 
(3) Differences of individual batches of resins. 


Judging from the above experiments, we find that it is difficult to deter- 
mine the charges of chrome complexes by ionic exchanger, at least by the 
anion exchange resin method, even though such a pure and stable complex 
as oxalato chromiate is selected as a sample. 

The quantities of chrome leakages differ with the conditions of passage 
when the column method is used. It may be too assumptive to conclude 


that this phenomenon is caused only by the decomposition of complexes due 
to the displacement in equilibrium. 


The chrome complexes in a common reduced liquor differ not only in the 
quantities of acid radicals that they contain, but also in the qualities of these 
acid radicals. Accordingly, the analysis for the determination of the absolute 
values of ionic distribution of the complexes in common chrome solutions 


by these processes (at least by anion exchanging methods) would have many 
complicated problems to be studied. 
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BOOK NOTICE 


Wachs—Enzyklopiadie. Vol, I. The Waxes and Their Most Important Properties. 
By L. Ivanovszky. H. Ziolkowsky K.G., Augsberg, Germany. Cloth, 232 pages. This 
pocket-sized book gives a general survey of substances having the characteristic physical 
properties of waxes, regardless of their chemical constitution. This volume is divided into 
three parts: I. Introduction to the field of waxes, II. Physical chemistry, and III. Retention 
studies. The last part deals with retention of solvents by waxes, particularly by mixtures 
containing ozokerite. This appears to be the author’s own field of interest. A second 
volume, to be published shortly, will deal with wax technology, testing, and analysis. The 
present volume will doubtless be of interest to those, such as manufacturers of polishes, 
whose primary interest is in waxes. The reviewer doubts that the average leather chemist 
will find it of much value. H. B. M. 


ABSTRACTS 


Investigations on Salt Stains. By A. Kiintzel and T. Stirtz. Das Leder 5, 97 (1954). 
Two different types of defects that occur on wet, salted calf or cattle hides, are called salt 
stains. One is a yellow to brown hardening of the flesh side of salted skins. The other is 
an incrustation of the grain layer that can be observed only after removal of the hair. 
There is also a third type that is little known, because it is found in the inner layers of the 
skin. Flesh side salt stains are bright yellow to dark brown irregular incrustations of the 
outer layers of the flesh connective tissue; they are removed during fleshing. They are 
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found principally at the edges of the skin where it is exposed to air. It is probable that 
stains occur elsewhere, but are not observed because they are colorless; on exposure to air 
the stains change first to yellow then to brown. If stained skin is rinsed to remove salt, 
then dried, the stained areas do not shrink to parchment as does the remainder of the skin; 
the stains are impregnated with material that prevents this. In a microscopic section 
through a stain, the skin is dark, showing that it is impregnated with material that does 
not transmit light as well as unstained skin. Grain salt stains, unlike the flesh stains, often 
form in connected areas and can be distinguished from the remaining grain surface by a 
yellowish or sometimes green coloration. These stains are also incrusted with a mineral 
deposit. Delimed skin dries to a parchment like material, but salt stained areas are raised, 
reflect light and are quite different from normal areas; because of the incrustation the hair 
pores remain open. In addition to the larger, continuous stained areas, fields of scattered, 
unconnected specks are often found (the “arborscence de fleur” of French literature). 
These often appear to have been formed by contamination with blood, especially when the 
stains have the form of a hair whorl and possibly were caused by blood matted hair. 
Middle layer salt stains can be observed best in limed calfskins where they appear as 
cloudy, white to yellowish white light areas. Rarely they may be colored blue green by 
iron sulfide. Probably the white spots are identical with those described in the literature 
as “gypsum stains”, They can be observed from the flesh side and also from the grain side 
of the skin. If the skin is dried to parchment, the stains are easily seen as dark spots by 
transmitted light or white spots by reflected light; it is evident that the spots are impreg- 
nated with some substance. The question arises whether these stains were formed during 
liming, but they can be found, by careful search, in salted hides where they have the 
characteristic appearance. There are intermediate forms of the three types of salt stains, 
especially where a middle type is near one surface. Although there are differences in out- 
ward appearance of the three types of stains, there are similarities that show that in all 
there is the same change in hide structure. The stains have similar types of boundaries; 
they are, as a rule, parallel to the skin surface, and the skin fibers are impregnated with 
a mineral deposit. The deposit may occur in fine granules just visible under the micro- 
scope or in larger granules up to fairly coarse ones. Salt stains may be colored blue-green 
by sulfide limes, but in other instances not, presumably because in the latter case the iron- 
containing blood dye has not decomposed far enough to liberate iron. The stain impreg- 
nating material showed a crystal lattice X-ray pattern, but the pattern was not typical of 
either calcium phosphate or carbonate. Further investigation showed that the salt stains 
could be entirely removed by treatment with strong acid or with pickle solution. Both the 
coloration and the hardening of the skin tissue could be completely removed. Under the 
microscope acid can be seen to remove the granulation in a few minutes with slight gas 
evolution. There was an excess of calcium, phosphorus and iron at the stains so they may 
be calcium and iron salts of carbonic, phosphoric and organic acids derived from the 
antolytic decomposition of blood cells and other noncollagenous skin elements. The forma- 
tion of salt stains has been ascribed to bacterial action, but the fact that the stains are of 
limited area, even when conditions are favorable for bacterial growth, opposes this view. 
Stains have never been produced by inoculation of skin with bacteria. Those isolated from 
stained skins usually liquify gelatine and so would not be expected to form hard stains. 
The fact that acid completely removes the stain and restores the original skin structure 
cannot be explained by bacterial action. Vourloud and Desjours (BAFCIC 14,133 (1952) ) 
found that salt containing bactericides prevented red and violet flesh stains, but had no 
influence on salt stains. The working hypothesis is proposed that decomposition products 
are formed by postmortem, autolytic decomposition of blood fractions and noncollagenous 
skin components and that these then react with calcium and magnesium compounds from 
the conserving salt to form the characteristic salt stain precipitate. The middle layer stains 
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closely follow blood vessels. The flesh stains are removed with the flesh during tanning 
operations. Middle layer stains may be removed by the pickle, but if not, do not affect 
leather value unless the leather is to be finished as suede. Salt stains can be prevented or 
controlled by prompt salting of the skins and by adding chemicals, such as polyphosphate, 
complexone or sodium carbonate, to the preserving salt to convert calcium and magnesium 
compounds to insoluble salts. The literature on salt stains is briefly reviewed. LDC 


The Co-ordination of Chloride Ions to Trivalent Chromium Cations. S. G. Shuttle- 
worth. J. Soc. Leather Trades’ Chemists, 38, 110 (1954). In a previous work [J.1.S.L.T.C., 
29, 3 (1945)] the general rule has been proposed that the co-ordination stabilities are 
inversely related to their ionization constants. In other words, there is a parallel between 
the co-ordination of monodendate acid ions to chromium and to hydrogen cations, the 
stronger the acid the greater its tendency to exist in solution in the ionized form, and the 
less stable its coordination to chromium. It appears to be generally accepted that nitrate 
and perchlorate ions do not co-ordinate appreciably to chromium. In the case of the 
bidendate sulfate ion, the author feels that he has proved that its co-ordination stability is 
related to six membered ring formation with olated chromium atoms, and is very small when 
ring formation is not possible. Other work has shown that the organic acid anions fit the 
above rule and provide abnormally high stabilities only when ring formation occurs. Com- 
parisons between sulfate and sulfite co-ordination shows that the rule applies to the relative 
affinities of bidendate ligands forming similar rings. In the case of the chloride ion, there 
appears to be no reason to expect that this ion might provide the only exception to the 
general rule. Conductrimetric, volumetric, spectrophotometric and electrographic experi- 
ments are described with results obtained. The author’s theory that the chromium co-ordi- 
nation stabilities of monodendate ligands is in the relative order of the inverse dissociation 
constants of these ligands is confirmed in the case of chloride ions. The stability constant, 
at the boil, for co-ordinated chloride falls rapidly from 0.1 at zero basicity to 0.01 at 33 
per cent basicity and 0.00 at 66 per cent basicity. The finding that 66 per cent basic 
chromium chlorides contain mixed complexes of varying speeds of migration is shown to be 
equally true for basic chromium nitrates. The normal explanation for such mixed com- 
plexes would be an equilibrium between complexes with a tendency toward greater olation 


due to hydrolysis. R. H. T. 


Effect of Alkali Treatment of Collagen on the pH-Swelling Curve of Collagen and 
of Gelatin Products Prepared from It. W. A. Loeven. J. Soc. Leather Trades’ Chemists, 


38, 117 (1954). It is known that in addition to ordinary gelatin with an isoelectric point 
of pH 48-5.0, other gelatin products with higher isoelectric points can be obtained from 
collagen. Ordinary gelatin has been prepared from collagen which has been treated with 
both acid and alkali, while in the preparation of “pigskin gelatin” only acid is used. The 
latter form can be obtained by simply boiling with water. As soon as collagen is treated 
with alkali, gelatin products with isoelectric points lower than that of collagen itself are 
formed. In this connection the duration of soaking in lime is of great importance, as the 
isoelectric point falls particularly rapidly in the first few days. This soaking period alone 
is not sufficient to give gelatin. The pretreated collagen always has to be treated with 
water to above 70°C. Most investigators believe the chemical change occurring in collagen, 
during alkali treatment, to be a hydrolysis of amide NHz groups of the partially amidated 
glutamic and aspartic acids, as a result of which the isolectric point can drop 2 to 3 units. 
Monné and Slautterback explain the increased acidity resulting from the breakdown of 
collagen to gelatin on the assumption that the amino-sugar component of the fibrils is 
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totally or partially removed. Amide nitrogen and hexosamine were determined on collagen 
after varying periods of alkali treatment. Curves showing the influence of pH on swelling 
of collagen and gelatin products are given; also a titration curve of pigskin gelatin com- 
pared with that of skin collagen. The view of the majority of investigators that the cause 
of the lowering of the isoelectric of collagen, and of gelatin prepared from collagen, under 
the action of alkali, is a hydrolysis of amide groups of the partially amidated glutamic and 
aspartic acids was confirmed. The idea of Monné and Slautterback that the removal of an 
amino-sugar component of collagen is responsible was shown to be incorrect as the hexo- 
samine content remains practically constant. A titration curve for a sample of commercial 
gelatin compared with a curve of skin collagen showed that pigskin gelatin may be regarded 
as solubilized collagen. Attention is drawn to the isoelectric point of pigskin gelatin, 
namely pH 9.25, electrophoretically determined. This means that the isoelectric point of 
collagen itself must also lie at about pH 9.2-9.3, which does not agree with the assertion of 


Cassel and Kanagy [J. Res. Nat. Bureau of Standards 42, 557 (1949)] who stated that it 
must lie between 6.0 and 7.5. R. Hi. T. 


The Differential Aqueous Extraction of Commercial Black Wattle Bark. 
D. G. Roux. J. Soc. Leather Trades’ Chemists, 38, 126 (1954). The paper describes a 
chromatographic and analytical investigation of successive cold and hot water extracts from 
commercial black wattle bark. Another investigator, Woodhead, claimed to have separated 
black wattle bark extractives into two distinct fractions by successive hot and cold leaching 
of commercial stick bark. Cold leaching produced a rapid penetrating (mellow) tannin 
more suited to light leather production, while the remainder of the tannin, extracted by the 
ordinary hot, open press-leach system, gave a tan liquor (astringent) more suited to firm 
sole leather manufacture. Paper chromatography and direct analysis showed that this 
“differential” leaching produces extracts which differ in tan to nontan ratio, as well as in 
the composition of the nontannins. The cold extract contains abnormally high proportions 
of fermentable sugar (sucrose) and a low admixture of gums, while in the subsequent hot 
extraction these proportions are reversed. This fractionation depends upon the different 
solubilities of sugars and gums in cold water. No similar marked differentation is apparent 
in the main polyphenolic (tannin) fraction. By means of the counter-current cold extrac- 
tion of commercial chopped bark, high concentrations of extract (120°-140° Bk.) may be 
built up. Commercial production of cold and hot leached extracts by differential extraction, 
therefore, appears feasible. Rs os 


Some Historical and Theoretical Considerations of the Chemistry of Synthetic 
Tannins. W. S. Short. J. Soc. Leather Trades’ Chemists, 38, 148 (1954). The history of 
synthetic tannin development up to the issuance of the Stiasny patent in 1911 is briefly 
reviewed. It is pointed out that the researches of Schiff and Baeyer indicated the diver- 
gence between natural and synthetic tannins. From evidence to date it seems that hydro- 
gen bonding is probably responsible for the fixation of vegetable tannins. Consequently 
phenolic hydroxyls must be present in the synthetic tannin, if it is to react with collagen 
in the same manner as vegetable tannin. Also for parallel action the synthetic tannins 
should also possess a fairly high molecular weight. Naphthalene syntans, which may 


HOS SO3H 


probably best he represented by the formula CH, are of 


relatively small molecular size and obviously do not meet the requirement of the presence 
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of phenolic hydroxyls. As would be expected they do not act like vegetable tannins. 
Investigations have shown that, below pH 2, there is considerable of such syntan adsorbed. 
Above pH 3 adsorption decreases rapidly and is zero at pH 5-6. The adsorption curve is 
similar to that of mineral acid. Other authorities believe that naphthalene syntans are held 
by bonding between dipoles induced by the sulfonic acid groups. Such a bonding could 
only act over relatively short distances and may, therefore, account for the small proportion 
of strongly bound syntan normally found, while the greater portion is weakly and reversibly 
held. The syntans made by the condensation of sulfonated phenols and formaldehyde may 


~ + 


OH | OH 


be best represented by the formula where n may 


| $0,Na |n SO,Na 


vary from zero to 3 or 4 and all or part of the sulfonate groups are replaced with hydrogen 
in some of the molecules. While due to the presence of phenolic hydroxyls and larger 
average molecular size, these might be expceted to act more like natural vegetable tannins, 
it is a fact that they tend to behave very similarly to the naphthalene syntans. Neverthe- 
less a commercial syntan of this type does have more tanning power at pH 2.5 than the 
naphthalene type. Methylation of the -CHz bridge reduces the tanning power materially 
Investigations have shown that: (a) there is an optimum size for the resin molecule below 
which tanning power falls off and above which penetration becomes more difficult: (b) 
soluble products can be produced with as little as 25 per cent of the theoretical amount of 
sulfuric acid, i.e., one in four nuclei sulfonated: (c) the lower the degree of sulfonation 
the better the tanning properties. By suitably adjusting the degree of both condensation 
and sulfonation, syntans comparable to natural vegetable tanins can be produced. A 
reduced degree of sulfonation seems to allow a greater degree of hydrogen bonding and an 
increased molecular size further increases the resemblance to the natural tannins. Sulfo- 
nated Novolaks derived from commercial grade cresols are naturally of complex structure, 
since o-, m- and p- cresols act quite differently; but the syntans from them give products 
similar in action to natural tannin. It is fairly certain that sulfonated Novolaks are more 
complex in structure than syntans derived from hydroxy-aromatic sulfonic acids. Sulfo- 
nated Novolak resins are rather highly colored, not suitable for pale leathers; but the 
paler colored phenol-sulfonic acid condensation products have insufficient tanning power. 
One method of overcoming this problem has been to prepare phenol or cresol sulfonic acid 
condensation products and form, in situ, a Novolak resin. Pale syntans with improved 
tanning power result. Another method of obtaining light colored syntans from Novolak 
resins is to react them with formaldehyde and sodium sulfite or bisulfite. Such products 
have good tanning power but little has been published about them. Commercial syntans 
are manufactured by such methods and are good, though obviously limited by a paucity of 
hydroxyl groups. The use of polyhydric phenols is economically impossible. To obviate 
this lack, groups which augment the reactivity of the hydroxyl are incorporated. Foremost 
among these groups is the sulfone group. Thus 4:4 -dihydroxy-diphenyl sulfone 


Ho-< >So, on is extensively used. While such syntans produced white 


SO,Na 


leather, there was a tendency for it to yellow. The introduction of urea greatly improved 
this situation. Besides improving resistance to light it appears to improve tanning power 
somewhat and the syntans do not need to be used in a highly acidic condition. A sug- 
gested formula for such a syntan follows: 
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| HO;S 


Probably 90 per cent of the commercial syntans are made by the methods above outlined, 
or combinations of them. Another type of tannin is built up by means of sulfonamido 
linkages between aromatic nuclei, as shown in the following formula: 


While totally lacking in ilies groups, the tanning properties are excellent, probably 
due to interaction between the sulfonamido groups of the tannin and the peptide links of 
collagen. Hence in this case also, hydrogen bonding may be the tanning link. In recent 
years tanning by means of amino resins has come to more attention. The materials used 
are simple methylol compounds of urea of low molecular weight. Other synthetic products 
capable of reacting with collagen are the high alkyl-sulfonyl chlorides and the alkylene 
di-isocyanates. In conclusion, syntans may be considered to react with collagen in two 
completely different ways. First, due to the sulfonic acid groups, they may react by 
forming salt linkages; but only in sufficient amount at low pH values. Secondly there may 
be hydrogen bond formation, if the phenolic hydroxyl groups are suitably oriented in the 
syntan molecule. Adsorption by salt linkages is reversible whereas hydrogen bonding can, 
if the molecular size is great enough, result largely in irreversible fixation. No syntan can 
be said to have a monopoly of either reaction. Because both of their rather impure nature, 
as manufactured, and because manufacturing research has mostly centered on method, 
syntan chemistry has not thrown as much light on the tanning reaction as Stiasny hoped 
it would. Nevertheless, if prepared in high state of purity, syntans should be capable of 
yielding useful information in studies of the tannin reaction. Ro. 3: 


Analysis of Neatsfoot Oils and of their Substitutes. By J. Pore. Bull. Assoc. Franc. 
Chim. Inds. Cuir. 13, 97 (1951). Neatsfoot oil is extracted from the joints of cattle by 
boiling the deossified feet with water to remove the hooves and then autoclaving, the grease 
being skimmed or syphoned from the surface periodically. The paste, so obtained, is then 
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pressed at different temperatures according to the quality of oil desired. Yield is small so 
that many so-called neatsfoot oils are certain to be obtained from other animal oils by 
similar treatment. Because they contain 80 per cent of olein, these oils are practically non- 
drying: stearin and palmitin form a high percentage of the crude oil and is a cause for 
rejection. Almost all neatsfoot oil is used in the tanning and textile industries, and is 
valued for its high lubricating powers and non-oxidizability. Characteristics of a Good Oil: 
Color, clear yellow; Free Fatty Acid, 2 per cent; Iodine Value, 70-80; Saponification 
Value, 195-200; Freezing Point, —5°C; Sp. Gr. @ 25°C, 0.910-0.915; ND”, 1.460 - 1.461; 
Unsaponifiables, 1; Water and Impurities, Trace. Certain purified animal oils show similar 
characteristics and it is practically impossible to differentiate these; however, such oils 
Cloud is due either to water or to an excess of solid material and will settle on standing. 
behave like neatsfoot in use. Methods of Analysis; (A) Appearance: (1) In Daylight; 
Reflection; Animal and Vegetable oils do not reflect, whereas mineral oils (and their 
presence) do. However, treatment of the latter with materials such as nitrobenzene dimin- 
ish reflectance considerably. Color, should be pale yellow, but is not a sure criterian. (2). 
Under U.V. Light; Fluorescence indicates presence of mineral oil. (B). Acid Value: after 
freeing the oil from water, a portion is dissolved in a neutralized mixture of equal parts of 
95 per cent ethyl alcohol and of ethyl ether and titrated with, preferably, alcoholic potash. 
Express as ml. of N/1 KOH per 100 g. of oil. The presence of mineral or volatile fatty 
acids requires special determination (not listed). (C) Saponification Value: 2.0 g. of oil 
are refluxed for 30 minutes with N/2 alcoholic KOH, cooled, and the excess alkali titrated 


with N/2 HCl. The results are expressed as mgms. KOH per g. of oil. In preparing the 


alcoholic KOH, yellowing, due to aldehydes, can be prevented by adding a little sodium 
bisulfite to the alcohol and filtering off the bisulfite/aldehyde compound; the filtrate being 


used to dissolve the KOH. The use of 95 per cent alcohol, while specified, is thought to 
lead to difficultly soluble ethylic esters, and 70 per cent alcohol is preferred, and this aids 
solution of the KOH. (D) Jodine Value: Of the several methods, that of Hanus is pre- 
ferred as being most used and more comparative. The reagent is prepared by dissolving 
10 g. of iodine monobromide in 500 ml. of alcohol-free glacial acetic acid in a (yellow) 
glass-stoppered flask. To such a weight of oil as will leave 70 per cent of the added iodine 
unabsorbed, in a glass-stoppered flask, is added 15 ml. of CCL or CHCl; and then 25 ml. 
of the prepared iodine solution. Stopper, shake gently and stand in the dark for 1 to 2 
hours. Then add 20 ml. of 10 per cent KI solution (free from iodide and iodate) and 150 
ml, of water. Shake, and titrate with N/10 thiosulphate, using starch as indicator. A 
blank is run at the same time. The difference between the blank and sample titrations, 
multiplied by 1.269 and divided by the weight of oil is the Iodine Value. The method of 
Kauffmann, which uses a solution of pure sodium bromide and of bromine in methyl alcohol, 
requires special precautions to obtain correct results. (E) Freezing Point: This is a most 
important determination on neatsfoot oils. Since the oils are mixtures, there is no precise 
“melting point” and freezing can be retarded by agitation. Of the many methods pro- 
posed, A.F.N.O.R., B-26, used for mineral oils, is acceptable: the oil is placed in a suitable 
test-tube, an A.S.T.M. Melting Point thermometer (-30° to + 50°C) is inserted with the 
neck of the mercury bulb flush with the surface of the oil. Heat in a 48°C. water bath 
until the thermometer reads 46°C. and allow to cool. The tube is then placed in a freezing 
mixture (Dry Ice/Acetone) and cooied until tilting of the tube shows no movement of the 
meniscus. (F). Refractive Index: While the triglycerides have a higher refractive index 
than the free fatty acids, and that of the monoglycerides is higher still, the value is of 
little use as a criterion for neatsfoot oil since many other oils have similar values. Con- 
clusion; the analysis of neatsfoot oil or of a substitute requires very careful analysis and, 
for absolute certainty, resort must be had to determinations such as the structure of the 
glycerides (molecular distillation). Such methods are slow and difficult and require equip- 
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ment not accessible to all laboratories. However, if the values obtained in the simpler 


analysis, outlined above, are similar to those of a neatsfoot oil, the oil in question will 
probably behave similarly. A. N.K. 


Comparison of Berkefeld and Chamberland 3CL1 Candles in the Filtration of 
Analytical Solutions of Tanning Extracts, By A. Jamet. Bull. Assoc. Franc. Chim. 
Inds. Cuir. 13, 104 (1951). Using candles, used twice before and then cleaned with 
chromic acid in the usual way, official A.F.C.I.C. solutions of Hot-water Soluble Quebracho, 
Chestnut powder, Chestnut Liquid, Wattle, and Oak powder, were filtered through both 
types of candle, and the insolubles obtained: 

Insolubles, per cent. 


Berkefeld. Chamberland. 


Extract. 


Quebracho 8.85 8.95 
Wattle 0.9 0.95 
Liquid Chestnut 0.2 0.3 
Powdered Chestnut 0.25 0.3 


Oak 2.40 2.66 


It was noticed that the different extracts filtered at different rates; Chestnut, very rapidly 
with both candles; Wattle, less rapidly but satisfactorily with both candles; Quebracho was 
less rapid than the above, especially with the Berkefeld candle; Oak was especially difficult 
with the Berkefeld, the first 150 ml. coming through easily but the next 100 ml. requiring 
constant vacuum, whereas proper filtration was possible with the Chamberland even though 
very slow at the end. Normally, the first 250 ml. are rejected. The Berkefeld candle was 
then re-cleaned and re-tested on the oak solution; instead of rejecting 250 ml., each 50 ml. 
was collected and evaporated, etc. The first 4 portions came through without vacuum but 
the 5th required vacuum. For the 6th fraction, the candle was wiped lightly with a wad 
of cotton-wool saturated with the analytical solution, when filtration became normal and 
no vacuum was needed. The Insolubles obtained, per cent, on these fractions were: 
(1) 2.40; (2) 2.6; (3) 2.9; (4) 3.15; (5) (with vacuum) 3.55; (6) (after wiping) 2.40. 
It is concluded that the first and last are genuine while the others represent increasing 
ultrafiltration. It is proposed to repeat this test with the Chamberland candle and to 
include other common extracts; further, that the candle-filtration of tannin solutions should 
be re-studied, and there is no reason for rejecting the Chamberland candle. A. N.K. 


The Tannin of the Bark of Eucalyptus Sideroxylon. By P. Chambard. Bull. 


Assoc. Franc. Chim. Inds. Cuir. 13, 106 (1951). The need for other domestic sources of 


tannin is indicated. Quebracho is becoming increasingly difficult to obtain and will proba- 


bly be exhausted in 20-30 years. Sweetened Chestnut may be used as a substitute but 


would result in a similar disappearance of the tree in a short time. Wattle seems the 
natural choice but can only be grown in a very limited area of French territory (Morocco). 
Further, not only does it require a moist, non-calcareous, and salt-free subsoil, but it does 
not sprout from the stump and so must be replanted every 7-10 years. Finally, the yield 
falls off after the second or third planting. Of the many species tested (by M. Menager), 
E. Sideroxylon seems to be the most promising for growing in Morocco. Cut at 15 years, 
the wood is of excellent quality for lumber or paper-pulp; the bark yields from 45 to 50 
per cent tannin, compared with 35 per cent for wattle; the stumps sprout vigorously, 
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thereby avoiding the need for replantation. Yield per hectare is 6.79 tons of wood and 
1.935 tons of dry bark. Extract was prepared from samples of the bark and tested: the 
extract was very viscous and of unsatisfactory tanning properties—penetration being slow 
and the color of the leather a disagreeable brown-red. Treatment with a mixture of 
sodium sulfite and bisulfite gave a product which, used in admixture with chestnut extract, 
gave acceptable results. However, improvement was needed. Better results were obtained 
by adding small quantities of syntan (e.g., Albatan), which increased rate of penetration, 
and by treatment with bisulfite and formic acid which improved the color markedly. Such 
an extract gave a leather with a clear and good appearance and it is expected that heavy 
hides could be penetrated in 12-15 days. Further tanning tests are in progess, and a larger 
quantity of bark is being made into extract for more complete testing. Both because of its 
value for lumber and pulp-wood, as well as its tanning potential, E. Sideroxylon is felt to 
be a valuable species for the reforestation of Morocco. A.N. K, 


The Grinding of Tanning Materials in the Laboratory. By Ch. Monnet. Bull. 
Assoc. Franc. Chim. Inds. Cuir. 13, 110 (1951) The difficulties of finding “a suitable 
mill”, as prescribed by the official method, for grinding analytical samples of all sorts of 
tanning materials to pass a screen with five wires per cm. are indicated. Tests were there- 
fore made with equipment similar to the Waring “Blendor”: (1) Wattle Bark in pieces 
12-15 cms. long by 10-15 mm. diam., were tried but the mill blocked. Cut into pieces 20 
mm. long, 80 g. of the bark was reduced to a fine powder in 2 minutes; (2) Myrabolam 
Nuts: a 50 g. charge of whole nuts were only about 25 per cent broken in 2 minutes. 
Roughly broken in a mortar, mostly into two parts, a 105 g. charge was completely pow- 
dered in 2% minutes; (3) Valonia Cups: of three whole cups, only one was broken in 2 
minutes, the others only having the beard knocked off. After rough crushing in a mortar, 
excellent results were obtained in 2 minutes. Screening tests with T’s 20, 40, 60, 80, 100, 
gave six portions—that retained on each screen, plus that passing the finest. A table is 
given showing the results of such screening of the above grindings. Only 3.17, 2.47, and 
0.72 per cent, respectively, was retained on the T-20 screen and, with the exception of a 
few fragments from the Myrabs, even this was satisfactory. It is concluded that the 
apparatus permits (1) working with a minimum amount of material; (2) grinding in a 
closed container avoids loss; (3) of obtaining extremely fine division of materials nor- 
mally considered dificult—myrabs and wattle; (4) great saving in time (2 minutes grind- 
ing); (5) Heating is at a minimum. A. N. K. 


Fifty Years of Improvement in the Leather Industries. By P. Chambard. Assoc. 
Franc. Chim. Inds. Cuir. Conference No. 9, Feb., 1951. The era divides itself into three 
phases: up to 1914; between the two wars; and up to the present day. The impact of 
biological and physical chemistry on leather research is discussed, and the important con- 
tributions of Loeb, Sérensen, and Procter are cited. In the beamhouse, the damage and 
loss due to bacteria and enzymes in the old putrid soaks has been recognized, largely due 
to the studies of McLaughlin, and eliminated by the use of antiseptics. 


ants are now used in soaking, especially for dried hides. 
better understood: (1) 


Alkaline assist- 
The nature of liming is now 
Unhairing, arising from hydrolysis of epidermal tissue; (2) 
Liming, resulting from controlled hydrolysis of the corium fibers; (3) The alkaline swell- 
ing, whose basis was shown by Procter. Of the two last, the former is the more important 
and is irreversible, while the latter is the more obvious and reversible. The advantages of 
sodium sulfide as an accelerator were recognized by Boudet and Domminge and it was first 
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produced by Gelis for tannery use, but it was the work of Eitner which led to its general 
adoption. Merrill showed the specific action of the -SH ions on keratin, and that the 
hydrolysis of the corium was not changed by their presence, except from the increased 
alkalinity arising from the soda and, as shown by Procter, because the sodium ions are 
monovalent. More recently, sodium sulfhydrate has come into use as the alkalinity is not 
increased. Calcium sulfhydrate not only does not increase alkalinity but does not add 
sodium ions so that it swells no more than arsenic sulfide; unfortunately, it is not com- 
mercially available. Bating has seen the substitution of dung bates by artificial products 
of pancreatic, bacterial, or fungal origin, with resulting improvement in hygiene and safety 
for the stock. While the nature of tannage is still not fully understood, the work of 
Procter, Stiasny, and Meunier, and their associates and pupils, has clarified matters consid- 
erably: tannage being considered as a chemical phenomenon which, as a result of conden- 
sation between the tanning agent and the hide, results in lessened hydration of the skin, 
and its increased resistance to hydrolysis. Chrome tannage was invented by Knapp, but it 
was the work of Schultz and of Martin Dennis which brought it to practical reality. The 
principal factors of its development were demonstrated by Procter, who showed the proper 
methods of preparing tanning liquors from either chrome alum or from dichromate and 
also expressed the idea of basicity and developed means for determining same. Progress 
was so rapid that by 1925 Burton was able to cite 374 references. Stiasny’s application of 
Werner’s theories to the olation of chrome solutions led to a clearer understanding of the 
tannage and, as a direct result, to contro] and modification of the tannage by the introduc- 
tion of suitable ions, including the use of masking agents. During both wars, iron tannage 
received considerable attention but has proved difficult and costly, so that this type is cur- 
rently on only a very small scale. However, they do produce leathers with certain special 
qualities and their study is not entirely eliminated. Zirconium tannage was developed by 
Sommerville in 1933 and has achieved some success in the U.S.A., producing white, supple, 
solid and good-appearing leather. While not at present receiving much attention in France, 
the day will come when it will enjoy the same success as in the U.S.A. at present. The 
possibility of producing leather from abundant silica is very attractive and studies on silica 
tannage continue. Alum tannage has lost, and continues to lose, ground because of its poor 
resistance to water. Attempts to improve on it by the use of basic salts have not been too 
saccessful, as fineness of grain is lost and resistance to hydrolysis only slightly increased. 
Vegetable tannage has made strides in the last 50 years, beginning with the use of the 
drum or wheel by Durio, and leading to other means of acceleration. Such acceleration 
and cost-reduction are particularly necessary to meet the inroads made by substitutes, espe- 
cially in the sole leather field. Due to increased knowledge of the nature of the tannage 
and the better control thereby made possible, leather can now be made with good yield of 
combined tannin at a lower cost, and the trend continues. While these changes were taking 
place, exhaustion of the older tanning materials led to research for new sources. Sulfited 
Quebracho answered this until 1939, when the war shut off supplies and led to the develop- 
ment of Sweetened Chestnut which, however, increased the danger of its exhaustion. 
Further, the studies of Vogel and of Menager pointed to the rapid exhaustion of Quebracho, 
and other sources have been explored. Wattle is grown successfully in Natal but there are 
only limited areas in the French Union where it can be grown. Eucalyptus Sideroxylon 
shows the best promise and gives excellent results when used in admixture with chestnut 
or syntans. Beginning with the invention of the first syntan by Stiasny, their use has 
increased tremendously, especially in Germany and, during the Occupation, in France and, 
today, the French products are equal to any. Syntans are almost never used alone but 
rather in combination, either to facilitate tannage or to give certain special properties to 
the leather. They are little used in heavy leather tannages. Also, the syntans are more 
costly than the vegetable products. In sole leather, they are sometimes used at the end of 
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the process as bleaching agents. Because of cost, the use of the replacement type of syntan 
in the tanyard is on a limited scale and the auxiliary type are used only to increase pene- 
tration. In the tannage of upper leathers, however, they play an important part as they aid 
in obtaining level and clear colors. Some give white leathers and are used as such or as a 
retannage on chrome. Formaldehyde tannage has come to the fore during this era, largely 
replacing alum in glove leathers. The leather is white and stable to water and to slightly 
alkaline soap solutions. Quinone tannage, discovered in 1908 by Meunier, has assumed 
importance as a pretannage, especially before chrome. While its high cost limits the 
amount which can be used, a small amount as pretannage gives a very fine grain. Progress 
in the currying and finishing of leather has kept pace with the foregoing. In 1900, dyeing 
of all types of leather was with basic dyes, only a very few acid dyes being available, and 
the difficulties in so coloring chrome leather can be imagined. Today, the tanner has at 
his command a whole series of acid, direct, and basic dyes, with which all types of leather 
can be colored with comparative ease. The application of grease to vegetable-tanned 
leathers remains pretty much as it used to be, but that to chrome has undergone a trans- 
formation not yet complete; this as a result of the introduction of sulfated oils, sulfated 
fatty alcohols and, most recently, of cationic emulsifiers. Similarly, in the finishing of 
leather, considerable progress has been made: fifty years ago, “seasons” were based on 
vegetable mucilages containing soluble dyes. Then pigments were incorporated and since 
they “painted” the surface, helped to mask surface defects. Such finishes were not resistant 
to water or to wet-rubbing. Casein, insolubilized with formaldehyde, increased the resist- 
ance of the films. Later, nitrocellulose finishes were introduced, together with the spray- 
gun for their easier and more uniform application. While such finishes help to cover 
minor defects, their application should be discreet so as not to lose the leathery feel. 
Mechanical and chemical improvements have kept pace with the above advances but could 
not be even briefly outlined in the time available. A. N. K. 


Antiseptics and Germicides in the Leather Industry. By U. J. Thuau. Rev. Tech. 
Inds. Cuir. 43, 83 (1951). These materials are classified as: (A) Inorganic; (B) Organo- 
metallic; (C) Organic; (D) Insecticides. A list is given of a number of the more common 
of each class. The properties of the first two classes and some of class (C) are described. 


To be continued. A.N. K. 


Prevention of Accidents Caused by Cutting Presses, By M. Voyer. Rev. Tech. Inds. 
Cuir. 43, 88 (1951). Accidents associated with cutting presses are of various origin. Out- 
side of the proper protection of belts and gears, accidents occur as a result of voluntary or 
involuntary release of the “striker”; of unwanted repetitive operation of the clutch; of 
heavy weights falling on the operating pedal; and of operators trying to straighten the 
work or die while the press is in motion. Since 1946, the Pourvoirs Publics has defined 
the general principles for safety so as to guide the machinery manufacturers. The various 
types of press are described briefly and the principles of suitable safety devices are dis- 
cussed. Finally, devices actually used by machinery manufacturers are examined care- 


fully. A. N.K. 
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BALANCED PERFORMANCE 


...and with NOPCOLENES that means 


surface lubrication with controlled penetration 


Pe blades are ground with infinite care, 
and propellers tested for static and dynamic 
balance. For perfectly balanced performance of 
a liner’s propellers means vibrationless running — a 
feature which attracts ocean travelers and keeps 
them “‘sold”’ on the ship. Balanced performance 
below the water line pays off in substantial divi- 
dends above. 

Your interest in shipping may be confined to the 
shipping of hides into your tannery and shipping 
of leather out . . . but balanced performance can 
play a big part in your operations, too. For in- 
stance, the balanced performance of Nopcolene* 
fatliquors. These superb oils afford excellent sur- 
face lubrication and, at the same time, permit 


* Registered U. S. Pat. Off. 


closely controlled penetration. Thus, they assure 
leather with just the surface feel, hand, break, 
stretch, tensile strength and stitch tear desired. 
Nopcolenes, in fact, put money in your pocket. 

Yes, Nopcolenes are truly sensational double- 
action fatliquors. Furthermore, they contain only 
6-7% moisture, and are readily soluble. 

Profit by giving these revolutionary oils a trial. 
We'll be glad to make recommendations, and work 
closely with you to help achieve the best results. 


FREE! This book gives up-to-the- 
minute data about Nopco’s new 
Nopcolenes, and formulas for 
various leathers. Write for a copy. 


NOPCO 


Chemical Company, Harrison, N. J. 
Branches: Boston - Chicage, - Cedartown, Ga. - Richmond, Calif. 





Sterozol 


Reliable Germicide and Preservative 


Sterozol is a non-coloring, non-interfering liquid which can be 


used in any wet operation: 

@ For inhibiting microbial action on hides and skins in process 
@ For inhibiting mold on stock and leather in process 

@ For preserving finishes 


Sterozol’s low relative toxicity, ease of handling and economy 
have contributed in a large measure to its 


acceptance in the trade. 


Sebacol Biobate 
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(MANGROVE BARK EXTRACT) 


SAXE CUTCH CORPORATION 


500 FIFTH AVENUE  WEW YORK 36, NW. Y. 


UNIFORM TANNER’S OILS 


for Every Type of Leather 
MARDEN WILD CORPORATION 


SOMERVILLE, MASSACHUSETTS 
MARDEN WILD OF CANADA, LTD., HALIFAX, N. S. 


FASTER 
LEATHER PROCESSING... 


... And tougher, more durable leather! Tanners and fin- 
ishers find they get both when they use Sun’s Leather- 
Processing Oils. For these oils mix easily and their action 
is fast—stepping up production, cutting out delays. Leather 
is better, too, uniform in quality, temper and tensile strength. 
For more information, call your nearest Sun Office... 
or write SuN Ort Company, Philadelphia 3, Pa. In Canada: 
Sun Oil Company Ltd., Toronto and Montreal. 


INDUSTRIAL PRODUCTS DEPARTMENT 
SUN OIL COMPANY 


PHILA. 3, PA. * SUN OIL COMPANY LTD., TORONTO & MONTREAL 





BELL-MINE LIME 


Year-round Uniformity 
Dependable Source of Supply 


WARNER COMPANY 


Bellefonte Division, Bellefonte, Pa. 


PITTSBURGH - - - - PHILADELPHIA - - - - NEW YORK 


Quality Calf Leather 
LUXOR - BLACK JETTA 
KAFFORITE - KOZY - JILL JETTA 
EMBOSSED CALF - WHITE WASHETTE 
TANNERY & GENERAL OFFICES: GIRARD, OHIO 
BOSTON * NEW YORK * ST. LOUIS * CHICAGO 


EISENDRATH rine CALF LEATHERS 


IN COLORS AND BLACK 


B. D. Eisendrath Tanning Company 


801 Merchandise Mart, Chicago, Ill. - Tannery at Racine, Wisconsin 
92 South St , Boston, Mass., Day Gormley Leather Co. 29 W. 36th St., New York City, Eugene Williams 
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MORITE BRAND 


Sulphonated and Compounded 
OILS 


WHITTEMORE-WRIGHT COMPANY, INC. 
62 ALFORD ST. CHARLESTOWN DISTRICT BOSTON, MASS. 


yA — Original Dry Color 
or Splits and Suede 
PRESTO — paste form) 
4 PRESTO COLOR COMPANY 


WEST ALLIS 14, WIS. 
Dry Colors + + Finishes 


pene 
BORAX AND BORIC ACID HAVE LONG BEEN USED IN THE TANNING AND FINISHING OF GOOD LEATHER 


When you want ELLY ( 


SEND TODAY 
FOR FREE BOOKLET: 


"PROCESSING 
HEAVY 
LEATHER” 


Think first of Mig \ ta Sy Date 


NEW YORK e LOS ANGELES «© CLEVELAND ¢« CHICAGO 


Distributors located in principal cities throughout the U.S.A. 


r= ee a at ee rH ae + Ae 
Seppo nea: FAMOUS Prt if areas rer: KA 





REILLY- 
WHITEMAN - 
WALTON CO. 


E 


Exclusively a Tannery Paper 


MANUFACTURER 


ESTABLISHED 1883 


Devoted to Leather Technology, Tanning and Finishing of 
Leather, Tannery News and Markets. 


Affords complete tannery coverage, concentrated among 
tanners, chemists and buyers of materials, raw stock and 
equipment. 

Technical articles and newsworthy 

features invited for publication. 


THE LEATHER MANUFACTURER 
NEW YORK OFFICE BOSTON OFFICE 
154 Nassau St. 683 Atlantic Ave. 
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DIRECT ROUTE INTO TANNERIES 


The TANNERY BUYER Section of the Shoe and Leather Reporter 
is published the third issue every month and is read by every im- 
portant executive, superintendent, chemist and buyer. 


Tell your message to these men who buy your product in the TAN- 
NERY BUYER. 


SHOE AND LEATHER REPORTER 
Executive Offices: 207 ESSEX STREET, BOSTON 11, MASS. 
Representatives in 


CHICAGO LONDON, ENG. ° PHILADELPHIA WASHINGTON 
ST. LOUIS NEW YORK e LOS ANGELES SAN FRANCISCO 


Nalem Oil & Grease Co. 


FAT LIQUORS 
FEATURING 
CONTROLLED PENETRATION 


SALEM. MASSACHUSETTS 








STANDARD HIDE POWDER 


A material made to specifications and used internationally 
for the analysis of vegetable tanning materials 


FRANK F. MARSHALL 
RIDGWAY + PENNSYLVANIA 


Garden State Tanning Inc. | “The Extension of Knowledge 1 
by the Investigation of Matter”. 


Pine Grove, Pa. 


This spece dedicated te 
Tanners’ Council Research Laboratory 
Upholstery Leather by « Fiend 


New York Office 330 Fifth Avenue 


Manufacturers of 


KEPECO FINNALINE KEPOLAC 
EMULLO - KEEPA-SHINE FONDO 


UNI-LAK 
(Reg. U. S. Pat. Office) 


CHEMICAL CORPORATION 


MILWAUKEE I, WISCONSIN 


service 
. ARTHUR C. TRASK CO. 
TELEPHONE ‘ 4103 So. LaSalle St., Chicago 9 
BOulevard 8-2030 CABLE: Actrask TELETYPE: CG1478 
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That’s the standing of LEATHER AND SHOES in the tanning industry. 


The latest circulation statement shows that LEATHER AND SHOES has 
108% more paid and audited circulation among tanners (audited by the 
Audit Bureau of Circulations). That’s more than double the number of 
paid subscribers of any other magazine. 


But readership is even more important. A recent study revealed that at 
least 3500 top level executives in the tanning industry are reading 


LEATHER AND SHOES. 


Consider the facts: LEATHER AND SHOES— 


. does the outstanding job in editorial service. 


. . has twice the paid circulation and considerably more readership. 


. carries more than double in advertising volume. 
. does not sell advertising on its front cover. 
. is the industry’s most dynamic business paper. 


An investment in a subscription to LEATHER AND SHOES will 
pay dividends in knowledge—an investment in advertising in LEATHER 
AND SHOES will pay dividends in 


success. If you want more facts, write 
LEATHER AND SHOES 
300 W. ADAMS STREET 
CHICAGO 6, ILLINOIS 


us today. 
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Fume 
for all types of ~~ 
a ak 


NEWARK 
LEATHER FINISH CO. 


8 WILHELM ST. HARRISON, N. J. 
Telephone: Humboldt 5-3470 


HOWES LEATHER CO. INC. BONA ALLEN. ING. 


SOLE LEATHER 


Buford, Georgia 
TANNERS SINCE 1873 
Tanners Cut Sole Division ‘ 


Finest English Rein 
and Strap Leather 


CUT SOLES a 
Manufac on e English 
type vd aged he nd to oled 


BOSTON, MASS. 
ST. LOUIS, MO. CHICAGO, ILL. 





BARKEY 


Importing Co. Inc. 
44 EAST 53rd STREET @ NEW YORK 22, N. Y. 


IMPORTERS 


VEGETABLE TANNING EXTRACTS 
AND RAW MATERIALS 


¢ Wattle Bark * Wattle Extract 
* Quebracho Extract ° 

* Valonia Cups, Beards 

« Valonia Extract, Valex Brand 

* Sicily Sumac * Myrabolans 


sblt AGENTS FOR UNITED STATES & CANADA 
"ITALIAN CHESTNUT EXTRACTS 


SOLID & POWDERED 
Produced by 


LEDOGA S. p. A. 


MILANO, ITALY 


TT 





"MATERIALS 


CONSULTING « TESTING ° RESEARCH ¢ DEVELOPMENT 
for the 
TANNING AND ALLIED INDUSTRIES 


Specialists: Sampling and Testing of Tanning Materials 


UNITED STATES TESTING COMPANY 


INCORPORATED 
1950 Park Avenue, Hoboken, N. J. 


KOREON 


MUTUAL'S 
PREPARED ONE-BATH 
CHROME TAN 


Sodium Bichromate - Potassium Bichromate 


Mutual Chemical Co. of America 
99 Park Avenue New York 16, N. Y. 





54 YEARS 


SERVING THE LEATHER INDUSTRY 


Manufacturers of 
* Vinyl Waterproof Finishes 
* Highly Concentrated Waterproof Finishes 
* Glossy Bright Non-flammable Finishes 
* Low Cost Back Pastes 


A complete line of binders, fillers, water 
soluble and solvent type top finishes. 


APEX Established 1900 


Apex Chemical Co., !nc. 


225 West 34th St.. New York 1, N. Y 


UNION TANNERS SUGAR CHIPPED OR BILLETS 
UNIFORM CLEAR NON-FOAMING UNIFORM CLEAR 
CHIPPED OR BILLETS UNION TANNERS SUGAR 


UNION STARCH & REFINING CO. 


Established 1903 
General Offices: COLUMBUS, INDIANA 
NON-FOAMING UNIFORM CLEAR NON-FOAMING 
UNION TANNERS SUGAR CHIPPED OR BILLETS 
UNIFORM CLEAR NON-FOAMING UNIFORM CLEAR 
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Proven in the Color Room 


NOW... for the tan cellar, too! 


GYCOTAN  F LIQUID 


Especially for the new 
“glovey” type leathers 


Recognized in the color room for its value as a dye 
assist and levelling agent, this versatile synthetic, 
replacement-type tanning material has proven equally 
important in the manufacture of “softie” shoe, 

garment and glove leathers. Gycotan F Liquid produces 
a round, soft, mellow leather with a smooth, tight grain. 


GYCOTAN F LIQUID... 


* is readily applied by conventional tanning methods... . 


* is used as a self-tanning material on certain 
specialty leathers... 


* is compatible in the retan of chrome leathers... 
* and in vegetable blends! 


Your Geigy representative will be glad to provide 
complete technical information about Gycotan F 
Liquid and assist in applying it to your tannery problems. 


* Geigy Registered Trademark 


89-91 BARCLAY STREET, NEW YORK 8, NEWYORK | = 


BRANCH OFFICES: BOSTON + CHARLOTTE.N.C. + CHICAGO + LOS ANGELES PHILADELPHIA 
PORTLAND, ORE. - PROVIDENCE - TORONTO - IN GREAT BRITAIN: The Geigy Co., ltd., Manchester 
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CHOICE 


or Higher Quality 
Leather Production 


Muka > 
eres 


a “ye. a 
PRODUCTS 


Qn xy SY 


Better Grading Figures! 
Better Cutting Figures! 
Overall Economy! 


Extracts — Pancreatic Bates — Fillers 
Sole.Leather Finishes - Tanners Sugar 
Tanners Lime — Chemicals 


gh é 
} 
x - 


mJ COUDERSPORT, PA. 





THE 
TANNERS’ COUNCIL RESEARCH LABORATORY 


THE UNIVERSITY OF CINCINNATI 
is 
THE DEPARTMENT OF BASIC SCIENCE 
in 
THE GRADUATE SCHOOL OF ARTS AND SCIENCE 


The purpose of the laboratory is to conduct scientific research in the fields of 
Science concerned with Tanning and Leather. 


To train Chemists in the technique of research and prepare them for Industry. 


This Laboratory serves as the Official Technical Headquarters for the Tanning 
Industry of the United States. 


Your inquiries will be gladly answered. 
Address DR. FRED O'FLAHERTY, Director 
Tanners’ Council Laboratory 


University of Cincinnati 
Cincinnati 21, Ohio. 


RESEARCH 
PAYS DIVIDENDS 


when Properly Applied. 
THE TANNER’S COUNCIL 


RESEARCH LABORATORY 
University of Cincinnati 


FRANK F. MARSHALL 
LABORATORY 


To the Heavy Leather Industry 


Analyses - Consultation 


P. 0. Drawer 239 Ridgway, Pa. 





THE TANNERS’ COUNCIL 
RESEARCH LABORATORY 
University of Cincinnati 


5G 


We serve the Tanning and Leather Industry 


through a broad program of Research. 


RESEARCH 


has Two functions 


To produce a better Product and 
to do it More Economically. 


THE TANNERS’ COUNCIL 
RESEARCH LABORATORY 
UNIVERSITY OF CINCINNATI 


BEST FOR 


CHROME 


CHROME RETAN 


“a1 
SOLE LEATHER qRESCID SOLE LEATHER 
SST 


COMPOUNDS 


TANNERS’ SUGAR LACTIC ACID 
BUFFALO EXTRACT & SUPPLY CO. -:- BUFFALO, N. Y. 





INDEX TO ADVERTISERS 


AMERICAN CYANAMID COMPANY, Leather Chemicals Department 
AMERICAN CYANAMID COMPANY, Dyestuff Department 
AMERICAN EXTRACT CO. 
APEX CHEMICAL CO., INC. 
ARKANSAS COMPANY, INC. 
ARTHUR C. TRASK CO. 
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ITALIAN 


CHESTNUT EXTRACT 


Solid — Powder — Spray Dried 
also 
MELLOWED CHESTNUT 
Highly Soluble — Weight Giving — Good Color 
MADE FROM LIVE WOOD 


TYPICAL A.L.C.A. ANALYSIS 
Mellowed Spray 
Solid Powder Dried 
TANNIN s 65.95 73.5 
NON-TANNIN are ee ; 19.1 
INSOLUBLES : ‘ 7 
6.7 


STAINLESS SUMAC CRYSTALS 


Mit 


HIGHEST QUALITY—MADE UNDER THE SUPERVISION 
OF THE WORLD’S LEADING EXTRACT CHEMISTS 
SOLE AGENTS 


TANEXCO, INC. 


549 W. Washington Blvd. Chicago, Illinois 





MYRTAN 


A TANNING EXTRACT 


made from the wood of an Australian 
species of the Eucalyptus family. 
It contains both catechol and pyrogal- 
lol tannin, the latter predominating. 


TYPICAL A.L.C.A. ANALYSIS 


Ordinary Clarified 


TE a a ee ee 64.34 
NON-TANNIN . . . . . 16.03 17.14 


WER eee 6 oe Ne os 1.70 0.72 
Witee.. 88 BS a eee 17.80 


Also Available as Liquid with 30% Tannin 


As a retanning agent for chrome tanned leather, Myrtan 
possesses many advontages, such as smooth and strong 
grain, good color and break, as well as a round feel. 


Blended into sole leather tannages, it has given better 
yields and improved color. 


For further information address: 


TANEXCO, INC. 


549 WEST WASHINGTON 8BLVD., CHICAGO 6, ILLINOIS 


SOLE AGENTS 
U.S.A. 





DERMABATE 
COMPOUNDS 
LIQUID EXTRACTS 


HEMLOCK 
OAK 
MANGROVE 
WATTLE 

STAINLESS SUMAC 
ORDINARY SUMAC 

QUEBRACHO 

SPECIAL DIPPING EXTRACTS 
RAPID TAN “G” 


AMERICAN 
EXTRACT CO. 


Manufacturers of the Largest 
Variety of Vegetable Tanning Extracts 
Established 1887 
PORT ALLEGANY, PA. 


CANADIAN REPRESENTATIVES: 
McArthur Chemical Co., Lid., 20 St. Paul St., West, Montreal: 73 King St., West Toronto 


ENGLISH REPRESENTATIVES: 
Roy Wilson, Dickson, Lid., 7-8 Railway Approach, London, S. E. 3 





